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PREFACE. 



Notwithstanding the interest and importance which 
attaches to the science of Civil Engineering in the 
present day, there has hitherto existed no elementary 
work sufficiently popular in its character to serve as 
an introduction to the study, and at the same time 
affording to the younger members of the profession a 
ready means of access to the various rules and formulae 
which are in daily requisition in early practice. 

This deficiency the Author has attempted to 
supply. He has aimed at utility rather than origi- 
nality, and claims for his work little merit or consi- 
deration beyond that of comprising in a convenient 
form much information, the result of his own experi- 
ence or collected from sources not readily accessible. 



In the explanations and illustrations the AuthoP 
has endeavoured to render his work strictly practical;! 
for this purpose he has made frequent reference to tha 
various Public Works completed or in progress through- 
out the kingdom. He has also availed himself of th3 
labours of preceding writers, and has thus, he hnpeaJ 
brought within the limits of a single volume a large] 
amount of elementary information on the science om 
Civil Engineering than is to be found in any worfeS 
previously published. 
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BBRE\OiH, or Arbrelvc 
inletstice or joint between two slone 
and whicli is usually iilled up with li] 
cement. 

Abutment, a term much used in 
any fixed points, from whence, or by which, any support or force 
is obUiined ; thus the extremities ol' a segmental arch are said to 
he supported on abutments, upon which it rests, or abuts; the 
extremities of a bridge fire ulso teniied abutmenla. 

ACBE, a measure uf hiad amuuiiling to four square roods, or 
160 square poles or perches ; or 10 square chains : 4,840 square 
yards also foTrn one acre. 

Adhesion, the force acting on the surface of two separate 
bodies tn contact with each other, which tends to bind ihcra 
togelber, uid which is proportionate to the number of touching 



poinls. 
- Bttraclion 



There are two kinds of adhesion : first, 
; between 



surfaces of unconnected be 
and which is said to be greater with two bodies of a similar n 
than with two of a different kind, as the force which prevents 
the wheels of a locomotive engine from slipping on a road or rail- 
way — (The adhesion of the wheels of the best modern locomotive 
engines to the rails, exclusive of the power to drive the engine 
itself, ia supposed to be capable of overcoming a resistance equal 
to ,ijth part of the insistent weight of the engine upon a level 
plane, or iVth in fine weather and ^\tii in very bad weather; and 
that of common locomotives, working with vertical cylinders, to 
aV^h part of the weight pressing on the rails by the driving wheelsi, 
or, taking the friction as equal to 6 jibs, per ton, or the 263r4 
part of the weight, a load equal to \''jth or J^th of its weight r 
Bpectively, or the weight acting upon the driving wheels, 
wheels of railway loconnotives are sometimes coupled, » 
nearly doubles the amount of adhesion. The degree of adhesiolij 
to the surface of an ordinary road is at least ten times mo 
upon a railway : that of one wheel of a road locomotive is gene- 
rally found sufficient ; but in passing up a very steep hill another 
is sometimes fised) — which is greatest when the road or rails are 
either quite dry or thoroughly wet, the surface then being most 
free from obstruction : when partially wet it is much reduced, as 
the wheels are more apt to catch up the duat. — The other de- 
scription of adhesion is artificial ; thus the surfaces of some bodies 
are brought to adhere together by the use of glue and other 
substances : the adhesion between two flat r 
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Adit, Day Level, or Sough (in 
mining), a subterraneous gallery or pas- 
sage, extending fi'om the lowest conve- 
nient point in a valley through a bill into 
a vein of metid. forming the entrance to a 
mine, by which the water and minerals are 
conducted, or tlio miners enter and leave 




AIR-ESCAPE— AJUTAGE. 9 

it. Adits are either ^railed or timbered where the soil is bad, 
and they do not always run in direct lines ; they also only 
occasionally form the entrance to the mine. The water of several 
pits is frequently received by one large adit, extending many 
miles. An air-shaft is also sometimes termed an adit. 

The horizontal line at the upper part of the cut represents the 
adit. 

AiB-EscAPE, a contrivance for passing the air from water- 
pipes, without allowing the escape of the water; the air would 
otherwise collect in the higher levels of pipes, and obstruct the 
passage of the water. 

AiR-PuMP (in reference to the steam-engine), the pump em- 
ployed in drawing off the condensed water from the condenser, 
communicating therewith by a pipe at the bottom ; the air-pump 
and condenser are usually of similar capacity, each being equal 
to Jth of the contents of the cylinder. — See Steam-Engine. 

Air- Valve (in reference to the boilers of steam-engines), 
a safety-valve fixed at the top of the boiler, and opening inwards, 
to prevent rupture from the pressure of the atmosphere upon the 
sides of the boiler, should a vacuum occur within from the steam 
becoming condensed, or partially so. The valve is kept shut by 
a coimterweight placed at the end of a lever, in the usual manner. 
There have been instances of boilers becoming collapsed by the 
pressure of the air from without. 

Air-Vessel (as applied to pimips, &c.), a chamber con- 
taining air, attached to the ejection-pipe of a pump, and commu- 
nicating with the pipes through which the water flows ; its purpose 
being to obviate any irregularity in the supply of water, which 
it effects by its elastic force, the discharge is thereby rendered 
constant and uniform — for instance, when the water enters, the 
air within it becomes compressed, and acquires a corresponding 
degree of elastic force, which it exerts upon the water as it 
escapes up the pipes, thus a continuous stream is kept in the 
rising main. — See Pump, 

Ajutage, a tube fixed at the mouth of a hydraulic vessel for 
regulating the discharge of water. 
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10 ANCHOR AND COLLAR--ANIMAL POWER. 

Anchob and Collar, or Gate Hinoes, ^ 

(sometimea called Collar and Clamp), the 
hinges employed in hanging lock-gates, &c 

The anchor is usually let into the stone 
coping, and turned down into it at each 

end, and well run with lead. The collar is i^„„ , 

made to fit the hooping on the top of the quoin-post, and is 
wedged up to the anchor, as may be required, by i 
keys, as shown on cut. 

Anole-Irons, the pieces employed to join the J 
angles of iron frame-work, as boilers, &c , being \ 
rivetted to the iron side-plates, 

AnqlE of Traction, the angle formed by the inclination 
of the traces with the surface of the roadway. 

Angle of Repose (sometimes called the Angle of Friction), 
the utmost inclination at which a carriage will stand at rest upon 
a road or railway, and when upon the least increase of slope it 
is put in motion by the gravity of its weight; it consequently 
occurs when the gravity of the load and friction upon the road 
are equal. 

The angle of repose, therefore, varies according to the amount 
of friction; taking the friction at 91b. per ton makes it 1 in 250, 
or about 21 feet per mile, which is generally considered the angle 
of repose upon a railway ; and taking it at &^ \h. per ton, gives 
it at I in 263J, or 20 feet per mile. 

The angle of repose, upon a turnpike road with a good de- 
scription of carriage, is about 1 in 40, supposing the road to be 
perfectly hard. 

The natural angle, at which the soil of a cutting or embank- 
ment will stand without slipping immediately after teaming, is 
also called the angle of repose. — See Friction and Railway. 

Ancmal Power. The power of an animal is greatest when 
standing still, it will consequently support a greater load than it 
can carry: upon commencing motion its power is lessened, and it 
continues to decrease in proportion to the velocity of its motion ; 
a speed may at length be attianed at which it cannot carry any 
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load, the whole of its strength being required to keep up its velo- 
city. An animal has been stated to produce the greatest effect 
in a given time when moving at jrd of its greatest velocity un- 
loaded, the load being |-ths of that which it can just move. 

As the mechanical effect of an animal is according to the speed 
of its velocity, and the weight of the load, it may consequently 
be ascertained by multiplying them together. 

Most authorities rate a horse equal to five men : some state it 
at six, and others at seven. — See Horse Power, 

Aqueduct, a term applied generally, either to a series of 
arches over a valley, or to a tunnel through the earth, when 
either expedient is used for the conveyance of a body of water. 




The ancient Roman aqueducts, some of which remain at the 
present time, were constructed at a great expense, consisting very 
frequently of several tiers of arches, supporting the water-way, 
which was intended for the supply of the several public fountains, 
baths, &c. The supply of water to Rome was considerably 
greater than the present supply of London, and that of Paris is 
much less than the latter. The Chirk Aqueduct, in Denbigh- 
shire, on the EUsmere Canal, by Mr. Telford; and the Lune 
Aqueduct, in Lancashire, on the Lancaster Canal, by Mr. Rennie, 
are among the most celebrated aqueducts of modern times. The 
water-ways of modem canal aqueducts are usually formed of plates 
of cast iron ri vetted together. The ancient aqueducts were not used 
as canals for the purpose of navigation, as those of the present 
time, but for the conveyance of water for the use of the people. 

Arch, a certain arrangement of over- 
lapping wedged-shaped stones or bricks^ ^ x 
usually commencing from two fixed points F^V' 
or abutments, the beds radiating and meet- — 
ing in the centre, thereby forming an equi- 
librium, when properly constructed, upon the 




removal of the wooden frame or centre upon which the arch is 
turned. 

Arches are of various shapes — aa 

r f 4 



f^ 



The abbrevoirs or joints of all arches should be perpendicular 
to the surface of the soffits. 

The top of an aich is called the extradoa or back, and the 
underside the intradoi or soffit; the line from which they com- 
mence is called the gpringing-line, and the first arch stones on 
each side, the springers or reins, the which rest on the imposts, or 
abulmenis. The extreme width between the springers is called, 
the span of the arch; and the rise of the curve in the clear, the 
versed sine. The highest portion of the arch is called the vertex 
or crouM, and the centre course of vousaoirs, the key-course. 

The side portions of all arches, extending from the crown to 
the springing, are termed haunches oijlanks; and all arches should 
be well sustained by backing, carried up on the haunches. The 
walls built on the haunches are called epandrel-vmlls ; and it is 
customary to carry up spandrel walls 
with small arches turned over between 
them, termed relieving archer, upon the 
backing of arches of great span, for the 
purpose of preventing any irregular 
pressure ofearthupon the same Arches 
are also either cylindrical or groined, 
the former being an elongation of the same curve throughout 
its length, and where intersected by other arches cutting across it 
transversely, the point of junction is termed 
a groin, such being described as groined 

An arch, equally balanced in all its 
parts, IS called the arch of equihbnuta, 
which IS of similar strength throughout, or 
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not more inclined to fracture in one part than in another. It is 
found sufficient, in the practice of bridge-building, if the arch of 
equilibrium be comprised within the boundaries of the tous- 
soirs^ without forming the extrados and intrados of the necessary 
form, to constitute the same. — See Arch of Equilibrium. 

The introduction of railways has led to numerous inrestiga- 
tions on the best system of building arches, and very fine spe- 
cimens are to be seen on most lines. The stone arch over the 
River Dee, at Chester, is the largest stone arch in the world, 
being a segment of 200 feet span and 41 versed sine : and the 
centre arch of new London Bridge is the largest elliptical arch, 
being 152 feet span and 29 feet 6 inches rise. The construction of 
brick arches should approximate as closely as possible to those 
of stone; in the common mode of building them the innermost 
courses of bricks are laid very close, and pieces of tile or slate 
are filled in the outer parts of the joints ; the bricks are, in other 
instances, laid in separate rings, which system remedies the want 
of key in the former, but is defective from the want of connec- 
tion between each ring ; it is therefore best to employ bu^t 
voussoirs, by which the key is maintained throughout the whole 
thickness of the arch : this plan may be said to unite the advan- 
tages of each of the former methods, and it is somewhat followed 
in the construction of the arches on the Blackwall Railway, as 
shown on the cut fsee next pagej : the lines taken through the arch 
represent heading-courses laid in mortar to allow for settlement. 
Brick arches, of very great span, have been lately erected : those 
over the Thames, at Maidenhead, on the Great Western Railway, 
are 128 feet span and 24 feet 3 inches rise, and are the largest 
yet erected ; they are turned in cement : the building of brick 
arches in cement undoubtedly strengthens them, yet, as the 
remainder of the erection is generally carried up in mortar, an 
unequal settlement naturally follows, and consequent fracture, 
unless a proper provision be made for the same. Elliptical arches 
are therefore not unfrequently turned in mortar, from the spring- 
ing to the haunches, and the remainder finished in cement ; the 



arch is thus enabled to accommodate itself at the mortar jointa 
to any pressure it may receive from the spandrels, or from any 
sinking of the abutments, which it may do without impairing its 
strength or effect ; sometimeB a small portion only of the centre 
of an arch is turned in cement, in other cases a course of stone is 
carried along the haunches of an elliptical arch to strengthen it. 
There are some segmental arches on the Blackwall Railway built 
of brick, with a span of 86 feet and a rise of 16 feet, which are 
turned in cement in old English 
bond (the most general method I 

of turning arches being in half- ^^"^^^^^^^^^^^^^^^^ 
btick rings) ; there are three 
courses of bricks taken through 
the whole thickness of the arch 
(4 feet 3 inches) upon each side, 
their lower beds and cross joints 
being laid in mortar, also the three courses next the springing 
of the arch. Some engineers consider it a good plan to lay in 
the lower courses of the bricks dry, and grout them together, as 
it gives the bricks a more equable strain. 

In reference to railway arches, it may be stated, that the 
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general size of the arches for occupation bridges over the London 
and Birmingham Railway, is 30 feet in width and 17 feet in 
height to the crown; elliptic arches being adopted, having a 
rise of 9 feet, as shown on cut ; and the arches under the railway 
axe made 15 feet wide, and of various heights, according to that 
of the embankment. The arches erected over the metropolitan 
roads by railway companies are required by their acts to be 
30 feet wide and 18 feet high, in the vicinities of towns, which is 
not too much, but 16 feet is generally sufficient for turnpike 
roads. The extreme height of Temple Bar, London, is 17 feet 
9 inches, which is not sufficient for some of the waggons to pass 
under. A load of hay is from 16 to 17 feet high. The parlia- 
mentary guage for the height of luggage upon a stage-coach is 
9 feet 9 inches. Arches are also sometimes formed of iron, also of 
wood. — See Arch of Equipollence, Bridge, Catanarian Curve, and 
Centre of an Arch, 

Arch of Equilibrium, an arch equally balanced in all its 
parts, and capable of standing of itself without the assistcmce of 
abutments. The accompanying sketches represent a semi- 
circular arch of equilibrium, and an elliptical one, according to 
the theory of Mr. Ware. In each case the intrados and direc- 





tions of the beds of the several voussoirs are given, also the thick- 
nesses of the crown ; therefore, by making ft, c, equal in each case 
to d, e, and parallel thereto, and a, c, respectively horizontal to it, 
the intersection at a, a, a, a, will give the line of curve for the 
extrados. 



16 ARCH OF EQUIPOLLENCE— ARTESIAN WELL. 

As an arch of equilibrium can stand of itself without abutments^ 
it consequently follows that it would be able to sustain a greater 
weight than an arch formed in a different manner ; yet, from the 
time occupied in working the backs of the arch-stones to the 
requisite form, it is seldom followed in practice. 

Arch of Equipollence, an arch whose several parts are 
prevented from following their natural directions towards the 
centre of the earth by mutual opposition. An arch may be equi- 
pollent from either of the two following causes ; 1st, from the 
relation of the weight of the several voussoirs forming it, as 
in the arch of equilibrium (see Arch of Equilibrium) ,• and 
2ndly, from the continuity of the several stones alone, the thrust 
from the crown being transferred from one stone to the other 
until it is received by the abutments. 

Architecture, the art of constructing and building edifices : 
all the several erections connected with civil engineering partake 
more or less of architecture. 

Arris, the angular line formed by the meeting of two surfaces, 
constituting an edge; the term has more especial reference to 
the angles of ashlar masonry. 

Arrow (in surveying), a pin employed for marking the 
chainage, one being placed in the ground at the extremity of 
every chain. 

The arrows are ten in number, and are made of large iron wire, 
about 16 inches long, with a loop at the top of each, suflficiently 
large to admit of the finger ; a piece of red cloth is sometimes 
tied thereto, that they may be readily discerned in the field. 

Artesian Well, the name given to artificial fountains, ob- 
tained by boring down vertically through the geological strata of 
the earth with augers, or other instruments, into some porous bed, 
for the procuring of water, the springs met with being nothing 
more than the overflowing of the water which has fallen upon the 
earth at difierent times and sunk beneath the surface ; thus, afler a 
great drought, wells will frequently become exhausted. They are 
usually sunk through a deep stratum of clay into one of sand. 
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and the water often rises to a considerable height, varying ac- 
cording to the elevation of the highest point of the sand, and the 
amount of pressure exerted upon it by the superincumbent soil ; 
it is desirable to go below the sand into the chalk if it be of a 
loose nature, as the fine sand is liable to be pumped away with 
the water, whereby large cavities are left in the earth : there have 
been many instances of wells becoming useless on this account ; 
the chalk also abounds more with springs. 

Artesian wells have been in use in the northern departments of 
France and Italy for several centuries, although not introduced 
into Germany, or this country, above fifty or sixty years ; they are 
now much adopted in the metropolis, where they pass through 
the immensely thick bed of the London clay, and even through 
some portion of the adjacent chalk : they are also in general use 
at Paris. The hole is formed by chisels, gauges, and augers, a 
pole being passed through the handle of the auger, and two men 
work it round, one at each end, and pressing it down where there 
is rock ; they also turn it round and lean their weight upon it, 
accordingly as may be required : another labourer is also placed 
over them, who, by means of a long timber spring-beam, lifts the 
pole and assists the pecking. A small tin, copper, or lead pipe, 
is sometimes driven down the hole upon its completion, to ex- 
clude the land springs and preserve the water pure. 

The practicability of supplying large cities by water derived 
solely from artesian wells is extremely doubtful; and were it 
possible, other difficulties are not unlikely to arise, as the water 
commonly obtained from springs is brackish or hard, and of an 
objectionable quality for domestic purposes, and it partakes more 
or less of the nature of the soils through which it passes : the only 
way of rendering it applicable to domestic purposes is by sub- 
jecting it to a state of motion, and exposing it to the air and 
weather for a certain period of time, the which has the effect of- 
softening it. 

In forming wells, it may be observed that it is customary to 
wall or plank the upper part, as the water will seldom rise to the 

D 



18 ASHLAR— ASSISTANT ENGINE. 

surface of the ground : it is^ in fact, usual to perform this part of 
the operation first, the building of such a wall being termed 
steining the well : the wall is first carried up a certain height 
from the ground upon a strong curb, generally of iron ; the exca- 
vators then dig out the ground on the inside, and eventually from 
beneath the ring itself, upon which the whole sinks, by the effect of 
gravity, and the brickwork is carried up at the top as it is lowered, 
imtil it will go no further ; another ring is then steined within the 
first ; if the latter should not be able to reach the proper depth the 
ground is taken from beneath it, and the bricks added at this end, 
which operation is termed underpinning : cast-iron tubing is also 
much employed for this purpose, several lengths of it being some- 
times driven. A windlass, with buckets attached, or pumps are 
commonly employed to take the water from the level at which it 
ceases to rise, or bottom of the well, to the natural surface of the 
ground. 

Ashlar, the term applied to cut stone, which description of 
masonry is principally used for the facing of structures only. 
Where great strength is required the ashlaring is carried up solid 
throughout : tooled work is sometimes called tooled ashlar, the 
former being distinguished by the name o( plane ashlar, 

AsPHALTUM, a hard black substance, resembling pitch in 
appearance, found in various parts of the globe ; upon being 
broken, the interior presents a highly polished surface, which has 
led to its being used in making black varnish. 

The many cements, known at the present day by the name of 
asphalte^ are not composed of this substance, neither are they 
similar to each other in their competent parts. The asphalte of 
Seyssel is a natural combination of asphaltum, and other bitu- 
minous substances, with pure carbonate of lime, in the proportion 
of about 83 of the former to 17 of the latter ; and it has been 
much employed in France and this country for several engineer- 
ing and building purposes, and has been found to answer very 
well, not having been affected by either cold or heat. 

Assistant Engine (on railways), an extra locomotive em- 
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fiojcA upon inclined planes on railwa^B, or to assist the heavy 
tnisa. 

Atmosphgsic Engine. — See Steam Engine. 

Axle, or Axleteee, the pivot, centre, or transveree bar, con- 
oectiog the naves of the opposite wheels of a carriage. 

The axles of roadway carriages are secured in a different man- 
mer to tboae used upon railways ; in the fonner they are fixed to the 
Damage bearings, and the ends are fitted into boxes situated in 
the centres of the naves of the wheels which revolve round the 
same ; each of the wheels are enabled, by this method, to revolve 
separately upon its own axis, and at different rates of speed as 
may be required ; thus, in turning round, the inner wheels remain 
Stationary, acting as a centre, while the others describe a circle 
round them. In railway carriages the axles are fixed immoveable 
in the naves of the wheels, the bearings of the carriages being on 
the outside, and merely resting upon the same. — See Friction. 

Backing. — See Arch. 

Backwater, or Scoubing Power, the stream of water em< 
ployed in connection with harbours, to carry away the shingle 
and prevent its accumulation at the mouth. They are employed 
where a great quantity of water can be obtained at high tides, 
lai^e reservoirs being filled at such times, and the water is after- 
wards discharged on the bar at low water. — (^Fhr observation* 
f^on the same see HarbourJ. 

Baxance Beam. — fSee Lock). 

Balance Gates, a certain de- 
scription of flood-gate, much used in 
Holland ; acting upon the following 
principle, the gates are fixed on a 
vertical shaft as a centre, and are 
kept closed by the pressure of the 
water against them, one side of each being larger than the other ; 
RDd in order to open them, when requisite, a sluice is constructed 
in the largest aide, which, upon being opened, reduces the area 
of this aide of the gate to less than that of the other side, upon 
d2 




20 BALKS— BALLASTING. 

which the water consequently acts upon the gates, and opens them. 
Mr. Wickstead has employed balance-gates in connection with 
the works of the East London Water-works ; but each side of his 
gates are of equal area, a very slight degree of power is therefore 
sufficient either to open or shut them, whatever the pressure of 
the water may be, as they are equally balanced. 

Balks, a term applied to long pieces of foreign timber, from 
about 5 to 12 inches square. 

Ballast Lighter, a description of open barge, employed in 
removing sand, silt, or the like, from the beds of rivers, harbours, 
docks, &c., which is effected by means of an iron hoop with a 
leathern bag sewn round the edge of the same, and fixed to the 
end of a long pole ; the hoop is scraped along the bottom of the 
river, the sand being thereby collected in the bag, from which it 
is discharged into the barge moored along side of it. 

Ballast Waggon, the wag- 
gon employed in removing earth 
in excavations, and the like, the 
which hold about 2 cubic yards, 
or 2|, or 3 yards at the utmost, 
even by piling up. If they are 
filled too full they are apt to tilt : they are usually used without 
springs, but they are better with them, particularly for those 
working on permanent rails, as the former increases the wear and 
tear of the rails, and adds to the expense of maintaining the way 
considerably. The cut shows an improved form of ballast waggon. 

Ballasting, or Metalling (sometimes called bottoming), 
a term applied to the covering of roads generally, and to the 
filling in material, above, below, and between the several stone 
blocks and sleepers upon railways, &c. ; it is laid for the purpose 
of keeping the road dry, as in the event of water lying upon it, 
the rails invariably sink, as it causes them to rest unequally. 

Ballasting is mostly composed of gravel, broken stone, or the 
like, and is laid about 2 feet thick on railways, the finished sur- 
face of it being usually rather more than 1 inch below the level 
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of the rails, and it is generally from 6 to 12 inches thick on 
roads. 

A longitudinal drain, 6 inches square, is sometimes laid within 
railway ballasting, having cross drains, 15 feet apart, communi- 
cating with the same, to convey the water into the side ditches. 
These drains should invariably be used in excavations, and when 
employed in embankments the water is led down the slopes 
by drains. 

Ballustrade, a series of ballusters situated and fixed under 
the coping of the parapet of a bridge, &c., the which are not 
employed in engineering works so frequently as formerly. 

Bank. — See Embankment,- 

Bab, a piece of timber or metal placed horizontally, and 
running across from one part of any framework to another. 

Bar (in navigation), an accumulation of sand or shingle at 
the commencement or mouths of rivers, harbours, &c., being 
formed by the action of the tides. 

Barrel (of a drum wheel), the cylindrical body, or axle, 
round which the rope is rolled. 

Barrel (of a pump), the cylinder or hollow part of the pimip 
in which the piston works. — See Pump. 

Barrow, a machine generally used for carrying soil in the 
formation of excavations and other works at their commencement, 
before a road is formed. 

Base Lines (in surveying), the main lines of a survey upon 
which the correctness of the whole depends ; it is therefore neces- 
sary to proceed with the utmost care, in the laying out of the 
several base lines of a survey. 

Bat, the name given to a half or other portion of a brick. 

Bath-Stone, a very serviceable sand-stone, almost wholly 
calcareous, although some of it is more silicious. It is extremely 
sofl when taken out of the quarry, but afterwards becomes hard : 
in setting the stones, it is very essential to lay them in their 
natural or quarry bed, which remark may be applied to every 
description of stone, although not to the same degree as with 
Bath^stone. — See Stone, Slope, and Soil. 
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Batter, the face of a retaining or other wall when built in a 
leaning position, the top part falling back within the line of base ; 
walls of this description, are sometimes termed tallus walls. The 
batter of a wall is either straight or curved ; the latter are also 
generally commenced straight from the top, the greatest degree 
of curvature being given to the bottom of the wall. 

The average rate of the batter of the walls upon the London 
and Birmingham Railway is 2J inches to the foot, and 1 inch to 
the foot for the wing walls of bridges. — See Retaining Wall. 

Batter Level. — See Clinometer, 

Beam. — See Girder. 

Bearings, as applied to carriages, &c. 

The chairs supporting the frame-work of the carriage, the which 
merely rest on the axles and upon the outside of the wheels of 
railway-carriages ; but they are fixed to the axles of all common 
road-carriages. — See Axle, Waggon, and Friction. 

Beetle, a wooden instrument, or mallet, for driving piles, 
being raised by the help of ropes and pullies : the term is also 
applied to the rammer used for driving stones into the ground. 

Bench, or Berm, a ledge left on the face of a cutting to 
strengthen the same. 

Steep cuttings should always have ledges to support them, par- 
ticularly in canal work, to prevent the mould from the upper 
part, falling down into the water ; chalk may also be executed at 
a very steep inclination by their assistance. Ledges are likewise 
generally made at a change of slope, occasioned by meeting with 
a different sq^l. 

Bench Marks (in surveying), fixed points left on the line of 
survey for reference at any future time^ consisting of cuts in trees, 
pegs driven in the ground, and the like. 

Beton, a French concretion or mortar, used in the foundation 
of hydraulic works : it consists of twelve parts of pozzylona, nine 
of quick lime, six of sand, thirteen of stone scrapings, none ex- 
ceeding the size of an egg, and three parts of iron scales from the 
smith's forge ; after being well mixed and indurated together, it is 
broken in pieces, and a cofier having been previously prepared 
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it is dropped by a proper box into the same, and laid in alternate 
layers with rubble stpnes until sufficiently elevated to receive the 
masonry. . 

Bevel Gear. — See Gearing. 

Blast Pipe, a pipe employed in locomotive engines to convey 
the waste steam from the cylinders up the chimney, and to urge 
ihe fire. Its invention is generally ascribed to Mr. George 
Stephenson, and it is supposed to have doubled the power of the 
engines at the period of its introduction. 

Blasting, the operation of detaching and separating blocks 
•of stone or earth from their natural or quarry beds, which was 
usually performed in former times by the following process ; 
long wooden wedges were driven, in a very dry state, into holes 
prepared for them, and previously well heated; a quantity of 
cold water was then poured over the wedges, which, upon be- 
coming thoroughly saturated, swelled and caused a fracture of 
the rocks. The same effects are now generally produced by the 
exploding force of gunpowder, which was first used for that pur- 
pose in about the year 1820 : a hole is first driven into the earth 
by a jumper, or chisel, which is held in a proper direction by one 
man while another strike it with a hammer, the former turning 
his instrument at every blow, by which it is soon made ; and it is 
formed of various depths, from 1 to 3 feet, according to circum- 
stances : if water appears in the hole some stiff clay is crammed 
in, by which it is absorbed, and the fissures through which it 
entered filled up ; when the hole is of some considerable size, and 
of great depth, a long jumper succeeds the first, the which is 
6 or 8 feet long, and pointed at both ends, with a projecting bulb 
in the middle, which serves as a handle for the men to lift it up, 
upon which it is dropped into the hole, and being heavy, it per- 
forates into the rock : a hole, of 5 feet depth, may be formed 
without much difficulty by a succession of these falls : the gun- 
powder enclosed in paper is then introduced into the bottom of 
the hole which is properly adapted for it ; a thin copper rod is 
now connected with it, and some soft impervious substance 
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large boiler with large tubes of separation bursts, the risk of 
damage and loss of life is much greater than in the case of a small 
chambered boiler, as the tubes, being small, act like so many 
safety-valves, occasioning nothing more than a stoppage. The 
reason of the boilers of locomotives not frequently bursting is 
principally owing to the slightness of the tubes, which are thereby 
the parts soonest affected in the event of any unusual strains, 
when they merely let the water down upon the grate and put the 
fire out — ^their wear is, consequently, very great; but if they were 
made sufficiently strong to resist, the bursting of the sides of the 
boiler might be reasonably expected, which would be attended 
with great consequences. 
' Boilers may be described generally as being of four kinds, vis. 
1st, globular; 2nd, cylindrical, with either flat or concave ends, 
as the Cornish boiler ; 3rd, waggon-shaped, having semi-circular 
top and flat sides and ends, the invention of Mr. Watt : they are, 
also, sometimes termed oblong, or rectangular boilers ; and, 4th, the 
tubular, which is almost exclusively confined to locomotives, on 
account of its small size and great evaporating capacity; the 
shape differs from the last two, principally in internal arrange- 
ment. — (See Locomotive EngineJ. The first and second description 
of boilers are mostly employed for high-pressure engines, their 
form enabling them to withstand steam of great elastic force, 
although generally considered to cause a greater expense in fuel. 

The waggon-shaped are those usually employed for ordinary 
purposes, and compensate, by their greater bulk, for the want of 
the large evaporating surface possessed by the others — they are, 
also, more adapted for fuel of a slow rate of combustion, and are 
therefore suitable with all varieties of coal ; yet some engineers 
prefer the Cornish boilers, and maintain that they are most 
economical. 

The boilers of ordinary condensing engines have received 
various proportions ; some engineers give a capacity of 16, and 
others extend it to 25 cubic feet per horse power ; perhaps a me- 
dium may be the best, one-half of which should be appropriated 
for water, and the other for steam ; and two small boilers are con- 



sidered better than one large one, another being also provided 
as a reserve ; the greateat effect baa generally been produced by 
allowing 4 j square feet of fire surface, or that in diiect contact with 
the fire, and 4^ square feet of flue surface, (or the apace inter* 
posing between the former and tlie chimney — the which abstracts 
heat &om the flame and heated air as it passes through), to one 
hoise power; and one cubic foot of water is also evaporated per 
hour by this arrangement. Mr. Watt allowed 5 feet of bottom 
surface for the boilera of land-engines per horse power, and 3 feet 
for marine ones; the space in the latter being more valuable. 
About one square foot of grate surface should be allowed for 
one horse power; in marine boilers Jrds of afoot ia aufficient, 
as they consume less coal per horse power than others, the space 
between the grate bars and the latter being of equal width. 
From 8 to 10 tb. of coke is generally allowed for each horse 
power of an engine per hour, although some ( 
ably less : 1 lb. of coke was allowed 
by Mr. Watt for the evaporation of 
7 ft. of water. 

The following is a representation 
of a waggon-shaped boiler of the 
usual construction : — 

A, the supply-pipe from the hot 
well, which terminates in the cis- 
tern at the top of the feed-pipe 

B, the cistern at the top of the 
feed-pipe, having a valve fixed at 
the bottom. 

C, the float, which is employed 
to regulate the supply of water to 
the boiler; the water is kept at the 
same constant height by ita action 
upon the valve at the top of the 
feed-pipe, thus : — When there is not 
sufficient water in the boiler the 
float sinks, and pulls down the arm 
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of the lever a, a, to which it ui altachcd, und thereby opens J 
the valve, as the counldr- balancing weight ft, fixed at the other | 
end of the lever, will oiJy support the float when in its proper I 
situation in the boiler, and at the required level ol' the water. 
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D, the self acting damper for regulating the consumption o 
fuel, which It offectB by means ot a chain connected with i 
weight situated in the feed pipe Now as the force of the s 
acting upon the suiface of the water forces a portion of it up tl 
feed-pipe, so is the weight within it raised or depressed, varj 
according to its pressure , the which motion is communicated tctj 
the damper, which opens or closes the aperture of the flue of tl 
furnace accordingly, whereby the draught, and consequently tl 
fire, is regulated the damper is so adjusted as to exactly balance 
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the weight when the latter is immersed in the water to a suitable 

E and F, the gauge-cocks. — See Gauge-cocks. 

G, the steam-gauge. — See Steom-gauge. 

H, the safety-valve. This valve can be regulated by the en- 
gineer. — See Safety-valve. 

J, the internal or atmospheric safety-valve, opening inwards, 
and fixed in the top of the man-hole or inlet into the boiler, for 
the purpose of cleaning. See Air-valve. 

K, the lock-up safety-valve, which cannot be r^ulated by the 
engineer. A pipe is shown at the top which leads the steam that 
escapes into it to the flue, or into the air, as the case may be. 

The steam passes from the boiler through the steam-pipe ; a 
valve being placed in it, called a throttU-vaive, L, for regulating 
the amouM of steam to the cylinder. 

M, the furnace-bars. 

N, the flue. 

There are steam-engines which work with apressure of 16or20H> 
upon a square inch of the boiler, and othei^ which have upwards 
of 200 fii. : but it does not follow that the steam in the cylinder 
is of equal pressure, it may not be one quarter of that ; a reserve 
is therefore always ready, the supply being regulated, in stationary 
engines, by a contrivance termed the governor, which operates upon 
the throttle -valve, and by the engineer in locomotives ; which 
process is sometimes called wiredramng the steam. The strength 
of low-pressure boilers should be twice the regulated pressure on 
the safety-valve ; and high-pressure boilers should be proved to 
at least three times their working power. 

Bolts (iron), the pieces of iron used for secur- (^M 

ing Iraming togtiher, and much employed in 
timber- work ; they are formed of wrought iron, ''y"'/''M'^"'f^ 

either square or cylindrical, with a square head at — -^F ' ■■■\ 

one end and a screw and nut at the other; a plate | ..^ 

of iron, termed a toother (A, in the cut), being ^i ^ 

interposed between the surface of the wood and a, ile wubn. 



so 
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the head and nut, to protect the former from damage during the 
process of screwing up. 

Bolsters, the pieces of timber used in the construction of the 
centres of arches, and running across from one rib to another, 
for the purpose of supporting the voussoirs. A piece of timber, 
employed in a somewhat similar manner to a corbel, is also termed 
a bolster ; the which are much employed in timber bridges. — See 
Bridge. 

Bond, the union or tie of the several stones or bricks forming 
a wall. The great principle in all bond is to provide against 
settlements : the vertical joints of a course should, therefore, be 
exactly midway between those below — ^in other words, break jomi 
with them ; and in no case should the joints of one course be 
carried up over those of the one below it. 

The bricks or stones lying lengthways, in the longitudinal 
direction of the wall, are called stretchers ; and those placed length- 
ways across the wall, headers. 

Bond may be described ge- 
nerally to be of two kinds, 
viz. English and Flemish. In 
English bond the courses are 
alternately all headers and all ou Engiuii Bond, 

stretchers, and when the backs of each course are laid alternately 
header and stretcher, it is 
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FlemiBh Bond. 



called Flemish Bond ; this de- 
scription of tie is also known 
by the name of header and 
stretcher^ particularly in stone- 
work. 

Old English bond is much the strongest, the tie being con- 
tinued throughout, yet Flemish bond seems to be preferred, 
simply on account of its external appearance ; the tie is confes- 
sedly inferior to the former, arising from its shortness; a far 
greater number of vertical joints iil the interior of the walls is also 
consequent upon this plan, whereby the walls are rendered more 
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liable to split longitudinally, the face-work not being tied into 
the interior. English bond may likewise be described as the 
simplest in execution, and the least wasteful. The Romans em- 
ployed bond of this description in their brick buildings. 

The term perbend, or thorough, is applied to the heading stones 
forming a wall, when they are carried through the whole thickness, 
and the term binder, when they reach through only a part of that 
distance. ^^ 

Bonnet, a hole formed in iron pipes, and furnished with a 
sliding lid, for the purpose of cleaning out the inside when 
requisite. 

Booms, the pieces of timber connected with fender-piles, and 
employed to protect coffer-dams and the like from the effects of 
shocks from vessels, &c. : they are usually secured to the piles 
by chains, and rise and fall with the tide. 

Boning, the operation of finding a line parallel with the 
horizon without the use of an instrument, but by means of the 
eye only. It is much practised by workmen in building walls, 
filling in earth, and the like. 

Boeing, a vertical sinking, made in the earth by an auger, or 
other instrument, for the purpose of obtaining water, instead of 
sinking wells, and for other purposes. 

Borings are required to be made on the line of a proposed 
railway or canal, previous to drawing up the necessary specifi- 
cation and estimate of the works, including the cuttings, founda- 
tions for bridges, &c. 

Bottoming. — See Ballasting, 

Boulder Paving, a description of paving consisting of round 
pebbles or boulders. 

Boulder Walls, walls composed of boulders and flints set 
in strong mortar. 

Boundaries (in surveying). In making a survey, the boun- 
daries of the counties, parishes, and the several estates, are 
required to be marked correctly thereon ; in ascertaining which, 
it is generally found necessary to procure the services of local 
parties well acquainted with the same. 
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In the case of property divided by hedge and ditcii, the broi 
of the ditcii is genaraUy the boundary ; which, of course, forms the 
line to be measured. In some districts the roots of the quicks, 
or the foot of the bank, fonns it : a width of 15 links 
allowed for a hedge and ditch, and 6 links for ditches betvret 
neighbouring estates, and 7 for those nearest roads, &e., i 
the roots of the quicks. 

Bow^BTBiNG Bkidge, Of TENSION Bridgb, a kind of 
sion bridge, the roadway being suspended from wrought-i 
rods; but, instead of the usual suspension chains, cast- 
ments are thrown across the ravine, or river, as the case may 
the which are rested on proper abutments upon each side. 

Mr. Leather, C.E., was the first who applied this principh 
an extensive scale, the two bridges erected by hira 
being ailer this plan, the which have a very elegant effect, 
fully answer the purpose intended ; they each consist of two 
ments, the carriage-way being situated between thi 
footways are on the outside. 

The Monk Bridge was executed first, the span of which 
112 feet ; the other, erected at Howslett, la the largest, being 152 




^eds 




n, and the rise of the arch is 33 feet, the total 1 
above the level of the water is 43 feet, the width of the bridge U 
33 feet, and its cost did not exceed £4,200. 

Brake, or Convoy, the drag applied generally to the wheeld 
of carriages to check their velocity in passing down hills, 1 
means of friction. The brake attached to railway carriages c 
sists of a piece of wood, which ia pressed upon the rim of th^ 
wheels of the carriages by a hand lever, worked by the brakesm 
Tbe brake of the tender alone affords a sufficient resistance t< 
stop a train under ordinary circumstances. The term is also use 
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nference to the contrivance for arresting the motion of machl- 
'hich is efTccled genetaily by a simple or a compound lever 
ising forcibly upon the peripliery ol'a broad wheel, fixed upon 
one of the shafts or axles of the machine. 

BREAKWATER, a kind of artiiicjal embankment, dike, or ram- 
part, formed of large stones, and erected for Ihe purpose of 
protecting the entrances of harbours, also roadsteads, from the 
effects of violent winds, by breaking the force of the waves of 
the sea; the shipping, moored behind them, laying perfectly 
secure. 

The roost celebrated works of this description are those of 
Cherburg, in France, and Plymouth, in this country. 

That of Cherburg was the first executed, having been began 
in the year 1783: the building of llie wall was commenced upon 
upright cones of timber, and eacb cone was intended to have been 
about 150 feet diameter at the base, 60 feet at the top, and about 
60 or 70 feet high, the depth of water, at spring-tides in the line 
in which they were sunk, varying from 56 to 70 feet ; they were 
also intended to have been filled with stones to the top, and after 
allowing some time for settling, the masonry was intended to have 
ien commenced upon lliem ; but a few of these cones only were 
inatruoted, when, in consequence of the difficulty of the under- 
iking, the whole was covered with large stones, thrown in at 
rajidom. This breakwater is 10 feet above the highest tides, and 
has a roadway or platform, 20 feet wide, on the side next the 
ibore, a parapet wall being built upon it, on that nest the sea. 
The Plymouth breakwater was commenced in 1812, from the 
of Messrs, J, Rennie and Whitbey. It is composed of 
i of Stone, 1 j to 2 and '3 tons weight, and consisls of a central 



, 1000 yards long ; and two wings, oiicli 350 yards long, di- _ 
^cted towards the sea, and forming angles of 158° with the 
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centre portion A traneverse Beclion taken through the breai 
water ahows an average base of 290 feet and the breadth at t 
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top la 48 feet \tith an average dep I 
tides, of 36 feet , the ''ide next the sea is sloped in the pro-^B 
portion of 1 perpendicular to 7 horizontal, and the side next tl 
land is 1 to 5 ; these sides were not intended originally to havi 
had so great a slope, but, in consequence of the violence of tl 
waves during its construction, it was thought proper to increaa 
them, as executed. 

A, A, high-water spring-tides. B, B, low-water spring-tideB 
D, the foreshore. 

Beeakwater Glacis (some- 
times termed gtorm pavement), the 
stone paving next the sea, in 

pier erections : they are mostly '^ 

laid upon a slope, or curved, the s^HoD.i.™i»gii=Br™i.iimoi. 

stones being of sufficient weight to resist the action of the s 

Breasts, the name given to the bushes connected with smiil 
shafts or sptndlea. 

Breast Wall, a wall built up breast-high, as a parapet H 
or a retaining wall, placed at the foot only of a slope. 

Brick, an artificial preparation of clay, sand, and ashes, burnt 
in a kiln, or clamp, and used for building, and for other pur- 
poses ; good brick earth is also sometimes found in a natural state. 
A good brick is about 8| inches long, 4| inches wide, and 
2J inches thick, when burnt.— (The Act of Parliament which 
regulates the sine of bricks, states, that they shall not be less th^ 
8J- X 4- X 2J-). 

Brickwork is measured in London by the rod, and was taka 
from the original standard of 16j feet cube, which gives 27a 
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square feet of Ij bricks brickwork, or work Ij bricks thick, 

as the superficial contents of 1 rod of reduced brickwork, Tbere- 
fore, as the standard thickness of a brick wall is 13J inches, 
there ate consequently 306 cubic feet in a rod of brickwork, and 

itandard rod will require about 4,500 bricks, allowing for waste ; 
but it depends on the closeness of the joints and the size 
of the bricks, as they Bometimes yary a trifle ; and 1 rod of brick- 
work will take 1 J yards of chalk lime, or 1 yard of stone lime, and 
2^ yards of saud with stone lime, or 2 yards with chalk lime, 
for the mortar : 1 foot of reduced brickwork will also require 
17 bricks. 

As brickwork is generally measured by the yard in the country, 
it is therefore the general custom of engineers to adopt the latter 
measure: there are 11 J cubic yards in a rod. 

Bricks are usually burnt in clamps, or stacks, in the vicinily of 
London, flues being made in the interior lo contain the fuel, and 
they take from twenty to thirty days burning ; but they are burned 
in conical erections in the country, termed kilns, which will bum 
about 20,000 at a time, consuming less fuel and occupying less 
time than the former method, 48 hours being suflicient for the 
liuining of them in kilns, 

London stocks, also those of Manchester, are the most durable, 
luffolk bricks are very celebrated for their light colour and 
form, also for their close texture, which renders them nearly 
twice the weight of common bricks. The softest and most porous 
bricks made in this country, are those of the midland counties. 

Bridge, a very common engineering expedient employed for 
passing over rivers, canals, and roads. Rivers of great width were 
not often crossed by bridges formerly, but ferries were usually 
established, at convenient spots, for the purposes of communi- 
cation (the sciles of most river bridges were formerly occupied by 
ferries), and shallow streams were commonly forded. The erec- 
tion of a bridge over a river occasions a great increase of traffic 
in the line of route, as may he naturally anticipated, in common 
with all schemes for facilitating conveyance. 



BIUDGE, 

The bridges employed in modem limes 
are constructed ailer various methods, but 
arches are mostly used. In moat cases the 
road is carried over ai once by stone or brick 
arches, or by iron or wood beams thrown 
across and trussed, according to the spar 
the road is sometimes suspended from inJ 
verted bows by rods, being usually formea 
of iron, the which are supported upon &toa| 
piers at each end, and from thence carried 
down and secured in the ground, which t 
called iron suspension bridges — as the Mens 
bridge ; this description is generally adopta 
where the span is very great. In other in-J 




stances ibe road is suspended by rods, or otherwise, from trussed 
ribs or girders occupying the apace of the parapet walla, the which 
ore termed boie-ttring, at tension bridgen ; as the bridge over the 
Regent's Canal, near Chalk Farm, on the London and Birmingham 
Railway. The two bridges over the River Aire, near Leeds, may 
aUo be cited as bridges of the latter description. 

Among modem bridges may be mentioned the Rialto Bridge, 
over the Grand Canal, at Venice, which waa commenced in 1588, 

I by Michael Angcio, and is considered to be a very beautiful 
structure. 
I The bridge across the Seine, at Neuilly, built between the 
leaiB 1768 and 1780, by Peronett, is a very celebrated struc- 
fai& ; it is a level bridge, consisting of five elliptic arches, each 
of 128 feet span, and 32 feet rise. — See next page. 

Waterloo Bridge, London, by Mr. John Rennie, is considered 
a masterpiece, it was commenced in 1810, and is also a level 





COHBtrucled of granite. This bridge conaists of five elliptic arches, 
the centre one is the largest elliptic stone arch at present erected, 
being 152 feet span, and having a rise of 29 feet 6 inches above 
high water-roark; the two arches next the centre are each 140 feet 
span and 27 feet 6 inches rise, and the abutment arches, each 
130 feet span, and 24 feet 6 inches rise : the width betneen the 
parapets is 53 feet. 

Southwark Bridge, London, also by Mr. Rennie, 
ficent bridge, it is formed of cast-iron, supported by granite piei 
and consists of three arches, the centre one being 250 feet spi 
and the side arches 210 feet; the piers are 24 feet thick, and it 
42 feet wide between the parapets ; and Blackfriara and "Weol 
ntinster Bridges (which are now undergoing repair), also Vauxhi 
Bridge, are very extensive works 

The stone bridge over the Clyde, at Glasgow, erected bj 
Mr. Telford, is considered to possess great merit, having seven' 
segmental arches, the centre one being 58 feet 6 inches span, and 
10 feet 9 inches versed sine. 

Timber bridges have been much more generally employed 
since Mr. Kyan's invention for preserving timber, as the material 
offers very great advantages. In wooden bridges of small span, 
the pieces running from pier to pier are termed sleepers, or string-' 
pieces,the which sup- 
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port tliB cross-Joists, 
on which the planking 
is laid : small pieces 
of wood are some- 
times introduced un- 
der the string- piece 9 
to shorten the bear- 
ing, which ore termed bolsters, or corbeU. 

A system of forming bridges and viaducts by laminatingjj 
tinaber arches, has been lately introduced by the Messrs. Green,! 
upon the Newcastle and North Shields and Tynemouth Rail- \ 
wHys. The Ouse-burn Viaduct is 108 feet high, and consists of'l 



Eve arches, eacb 116 Feet spun, with two 
stoDG archcB at eacti end, 45 feet apan ; and 
the Wellington Dean consists of seven arches, 
each 120 Icet span, the height up to Ihe 
roadway being 82 feet. The piers and abut- 
ments arc of stone, and each arch consisls of 
three segmental ribs, each rib being com- 
posed of thirty 3 iiicl) deck deals, being 
two deals in width and fifteen in height ; 
they vary in lengths from 20 to 45 feet: 
the tirst course is formed of two deals in 
width, as before stated, bent over a light 




43 BUIDCE. 

centre j the next course consists of one deal and two half o 
and BO on, until the whole rib is romied, the ends breakin 
joint with each other ; and they are connected together by 3 in( 




oak -trenails, each passing through three of the deals ; a layer |j 
brown paper, dipped in boiling tar, is placed between the jomtV 
to prevent the wet from injuring them, and the timbers are 
bedded tightly on it ; the ends of each rib are let into caet-iron 
ahoBB, which are fised to the springing -stones of the maaomy-j 
and the which are secured with four long iron bolts and ran witfl 
lead, and the three ribs are connected together by diagonal brace 
and iron ties; the spandrels are framed as shown In the cut, > 
the whole of the timber is prepared with Kyan's patent prepi 
ration. The Messrs. Greens state the expence at considerabtf 
less than one of stone ; they have also applied the same ^rincipl 
with a more durable metal, viz. iron, the bars being grooved a 
longued into each other. 

The wooden bridge, erected by Mr. Bull, over the Riv 
Calder, at Mirfield, Yorkshire, for the use of the leading-hors 
is also worthy of notice ; it is 147 feet inches span, 
11 feet versed sine; the arch is composed of two ribs of i 



timber, willi cross s 
boIt«d together. 
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and diagonal braces, ihe whole 




Tliere have been eereral arches of lai^ span executed with 
timber, in Germany and in America — as the Schuylkill Bridge, 
at Philadelphia, of three arches, the centre one of which ia 195 
feel span, and the side ones 150 feetj also, the upper Schuylliill 
Bridge, of Ihe some city, consisting of one arch, 340 feet span, 
the liae being only 20 feet, the which is the largest arch in the 
world. 

The floods form the principal difficulties to guard against in 
bridges connected with rivers and canals ; and their effect upon 
the nearest adjacent bridges and arches should be carefully 
ascertained previous to deciding upon the width of the arches 
or openings of the intended works. The traffic should be 
considered nest, and sufScient width left for it between the 
parapets. 

The number of bridges required for a railway varies in almost 
every instance. There are about two in a mile on the Liverpool 
and Manchester Railway, exclusive of the viaducts. The pro- 
portion of bridges on the Leeds and Selby Railway is about 
SJlh; but the London and Birmingham does not average Ij 

idges per mile. The mean of nearly 100 railways have been 

ind to average 2^ bridges per mile. 

The term bridge is also applied to any horizontal beam sup- 
porting something. — See Arck^ Bow-string Bridge, Drawbridge, 
Iron-bridge, Suspention-bridge, Swivel- bridge, and Calanarian Curve, 

Bi'ffer-Heads. — See Buffing Apparatus. 

Buffing Apparatus, a contrivance for receiving the shock 
g2 
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of a coalition bettreen railway carriages, con-. 
sUting of powerful springs and framing. 

The buffing apparatus, first used upon 

the Liverpool and Manchester Railway, 

consisted of elliptic iron springs, or bows, 

of several tbickoeBses, placed transversely 

across the middle of the frame-work of the 

carriage which received the shock of what' 

ever blows or jirks the buffer-heads might 

receive, by the aid of rods communicating 

with the same, to which method the following 

has been considered an objection: — If the 

several carriages are not loaded equally, the 

frames do not range upon the some level 

with each other ; and when this is the case, 

I the buffer-heads consequently do not strike 

* each other in the centre, whereby the rods 

j become bent, and the whole apparatus is 

■ liable to get twisted-, to remedy which, 

I Mr. Bergin, of Dublin, contrived an im- 

j proved buffing apparatus for the carriages of 

i the Dublin and Kingstown Railway. — 5w 



It is supported upon the axles of the 
wheels, and is totally unconnected with the 
frame of the carriage, whereby it does not 
partake of the rise and fall of the latter, 
according to the weight acting upon the ver- 
tical springs ; and two strong iron rods are 
passed through the whole length of the car- 
riage, which rest upon small rollers, to which 
the buffer-heads are attached, spiral springs 
being wound round them, which receive the 
effect of all shocks, by the help of collars 
formed upon the rods, and the introduction 
of stops to the springs. 
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«, fl, are plates of sheet iron, -^^th of an inch thick, and placed 
3 inches apart from each other (being fastened together by 
rivets) ; they rest on turned bearings on the middle of the axles, 
and are fixed to an iron frame, i, t, t, t, which rests against the 
cross sheaths. A:, A:, k, k, and framework of the carriage, but are 
not attached to it. g, g, are strong iron rods, passing from one 
end of the frame to the other, the buffer-heads, h, h, with the 
dragging-chains attached, being fixed at each extremity ; these 
rods pass through the hollow tubes, d, cf, d, cf, resting upon rol- 
lers, fififtf'i which enables them to move backwards and forwards 
with freedom, e, e, are the collars which compress the springs ; 
and 5, ht are the axles of the wheels. 

This system is found to answer very well, although there are 
several modifications of the former description of spring in 
successful operation, as the following; and Mr. Booth's patent 
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draw-links are now always employed to conduct the carriages 
together (see Draw-linkJ, A patent has lately been taken out by 
Mr. Burstall for a pneumatic carriage-spring, railway-buffer, and 
elastic-drag, the elastic properties of air being taken advantage 
of for the same ; a flexible vessel, as catouch, is placed, air tight, 
in a metal cylinder, when the shocks of the buffer-heads are 
communicated to these elastic springs by means of piston-rods 
and pistons. 

Burn, a provincial name for a brook. 

Bush, a piece of metal, usually made of hard 
brass, and fitted into a plumber-block, in which 
the journal turns ; they are also sometimes 
termed pillows, and the blocks, pillow-blocks. 
The guide of a sliding rod is also termed a bush, 
thus: — A, the piston-rod; B, B, the bush. 
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Butterfly Valve, a description of clack-valve. — See Clack- 
valve, 

Caisson, a large water-tight floating-box, used for the purpose 
of putting in the foundations of the piers of bridges, &c., which • 
S3rstem is generally employed in rapid rivers: a suitable pit is 
first dug, to receive the caisson ; and after one or two experiments 
are made, to ensure that they perfectly suit each other, it is per- 
manently siunk, and the masonry commenced from within it (the 
top of the cassion being above high water-mark), and carried up 
level with the water, when, by a contrivance, the sides are re- 
moved, and the pier is left resting firmly upon the bottom grating ; 
and they should be protected by sheet-piling all round, similar 
to the piers of most river bridges. The bridges of Westminster 
and Blackfriars were built on caissons ; but cofier-dams are gene- 
rally employed at the present time, as the foundations of both 
the above bridges appear defective, and are now undergoing 
repairs. 

Camber, a term applied to the rise given to girders and beams 
in their centre, as an allowance for the sinking, which usually 
occurs after being hoisted and fixed. 

Canal, an artificial cut in the ground, prepared for the recep- 
tion of water, with which it is supplied, either by means of rivers 
or springs, &c., thereby constituting a means of internal commu- 
nication, the which is principally confined to the conveyance of 
heavy articles. 

Canals were not unknown to the ancients, although their re- 
vival in modem times is comparatively recent ; they were not 
used in this country, at least since the time of the Romans, until 
the year 1755, from which period they have spread throughout 
the whole kingdom ; and the competition, presented at the present 
day by the several railways, has given a great impetus to im- 
provements upon them ; the boats have been improved, and new 
machinery employed at the locks, in order to accelerate the 
traffic. Locomotive engines have also been tried, to propel the 
boats upon the Forth and Clyde Canal, by Mr. Macneill, and have 
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wards lined over with good eartb, to protect it from the effects 
of the boats, hooks, &c 

In the practical execution of canals, a contrivance, called a lock, 
is usually resorted to, in order to convey the boats from one level 
to another; the several distances between them being termed 
reaches. 

The resistance upon canals is generally allowed to be in pro- 
portion to the square of the velocity, provided the depth of 
immersion remains the same ; but if the vessel rises up in the 
water by reason of the velocity, the resistance is lessened : thus, 
in some recent experiments made upon canals, it was found, 
that, after a certain speed, the power of draught was dimi- 
nished instead of increased, which was caused by the gradual 
rise of the boat out of the water, owing to its particular con- 
struction. A like effect is also supposed to take place with 
steam-boats. 

The power of draught of a horse upon a canal has been stated 
to be from 20 to 30 tons, at about two miles an hour ; and a 
horse can draw a greater weight on a wide canal than on a 
narrow one, viz. about J^th more. 

The following Table will show the cost of conveying goods 
and passengers upon canals, at different rates of speed, accord- 
ing to Mr. MacneilPs tables : — 



Description of 


Rate of 

speed, 

in miles 

per 

hour. 


Resist- 
ance, 
per ton, 
in lbs. 


Cost of 
per mile. 


Cost of 

boat-hire, 

&c. 

per ton 
per mile. 


General 

expenses 

per ton 

per mile. 


Aggregate charges. 


bomto. 


Usefal load, 
per ton per mile. 


Gross load, 

per ton 

per mile. 


Slow boats 
Fly boats. 

Swift boots 


2* 
4 

10 


2.73 
7.07 

56.8^ 


d, 
0.18 « 

0.5 

0.275 per 
passenger, 
3.5 per ton. 


d. 
0.32 

0.66 

}- 


d. 
0.86 

2.34 

9.7 \ 


d. 
1.36 

3.5 

1.08 per 
passenger, 
13.25 per ton. 


d. 
1.02 

2.275 

10. per 
ton. 
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Carbuoe, t, seat formed in any framing, and adapted for the 
reception of a shalit or axle, in which the latter revolves. 
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Carriage (railway). The carriages employed on railways are 
built in a variety of styles, and are usually mounted on wooden 
frames situated above the wheels, the bearing of the axles being 
on the outside of the same ; high wheels are, therefore, very in^ 
convenient : they are connected together by a draw-link, or 
chain. The patent draw-link, by Mr. H. Booth, is now much 
employed; the carriages are also protected from the effects of 
shocks that might result from their striking against each other 
by the buffing apparatus. 

The employment of low-bodied carriages is a great preven- 
tative of serious accidents, as they preserve their equilibrium 
better than high ones ; they are, therefore, pcurticularly suitable 
to viaduct lines, as the Greenwich Railway, where they are 
upon Curtis's improved plan, the bodies being suspended from 
the springs, instead of being placed on them : a less draught is 
also produced upon the engine by them, as a train of low-bodied 
carriages will approach nearer the line of traction, which is situ- 
ated at the level of the rails. 

The first-class railway carriages are extremely convenient, and 
costly : perhaps those on the Great Western are the most perfect, 
being from 18 to 21 feet long, and 8 feet wide, and of sufficient 
height for a person to walk about in ; the second class are not so 
well fitted up ; and the third class, when employed, are generally 
open at the top and sides. — See Axle, Bearings, Buffing Apparatus, 
Wheel, SfC. 

Catanarian Curve, the curved line, described by a chain, 
cord, or other flexible body, when hanging freely from two fixed 
points, whether they be horizontal or not ; which form of curve 
is considered by some mathematicians to be the best for arches 
generally. 

Catchwater Drains, drains laid along the side slopes of 
cuttings, the which generally run in an oblique direction, and 
convey the water into a culvert or cross drain. 

Causeway. — See Road. 

Cement, a composition of several mineral substances, natu- 
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rally combined or nrlilicinlly prepared, which become liai-d a 
mixture with lime and a Hmall portion of water. Every kind a 
stone-lime, when well burnt, becomes a very durable c 
and none other was used in this country until the introduction fl 
roman cement, which is now very extensively employed.— 
Lime, Hydraulic or Waler-lime, and Roman Cement 

Centres (of urches), the wooden frames or moulds used in 
the conetruction of arches, for the support of the voussoirs or 
arch-stones, during the course of execution. 

The construction of the centres of bridges over rivers is c 
great imfjortance. In cases where a communication ia not 
quired under the arches during the execution of the works, 
centres may be constructed with a level tie-beam, which leaseo^ 
the difficulties attending the same exceedingly ; but it is genfll 
rally necessary to form them in such a maimer that tiie navigatio 
shall not be impeded : where head-room ia left above the springj 
ing of the arches, such centres are termed cochet-centres. 

The following cut represents the form of centre used i 
construction of Blackfriar'a Bridge : — 




The centres used in the construction of bridges were formeii" 
removed piece by piece upon the completion of [he arches ; 
practice of "striking them" (as technically termed) by drivi 
wedging-pieces between two sliiking- plates fixed in each side, j 
employed at the present time, which has the effect of loweria 
the centre, whereby the arch is lefi standing without supportJ 
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thus it may be gradually eased in every direction simultaneously, 
which prevents any unequal pressure or strain. The best way of 
supporting the striking-plates, upon which the whole of the 
framing rests, is by struting, or raking-pieces resting upon sills 
laid upon the top of the footings. 

The system of supporting centres by rows of piles driven in 
the bed of the river should not be resorted to, unless the span of 
the arch is of such extent as to prevent any other mode of ex- 
ecution, or the foundation is particularly safe ; but even then 
the work is likely to suffer, unless the framing is exceedingly 
well balanced and secured together. 

Mr. M. I. Bnmel has recently succeeded in erecting an arch 
without centres of any kind. — Upon the piers being built, the 
ribs, by his method, must be carried forward from each side at 
the same time, whereby the equipoise is preserved ; and when 
those of opposite abutments arrive sufficiently near to each other, 
the key-stones must be fixed ; the bricks, of course, to be set in 
cement, and iron hooping or lathing is intended to be laid 
between the courses. — The experimental arch above alluded to 




was carried out a distance of 60 feet, it would, therefore, have 
formed a segmental arch, 120 feet span, the rise being no more 
than 11 feet ; and the whole was rbuilt from above by hanging 
scaffold. 

The angle of friction of ordinary cut stone is about 30° with 
the horizon ; when laid in thin tempered mortar it is from about 
34° to 36° ; and with very porous stones laid in full mortar it is 
nearly 45° ; therefore a centre is unnecessary for those voussoirs 
laid at a less inclination than the above respectively, while 
those exceeding it must be duly supported until the key-stones 
are set. 

Chain, or Land Chain, a measure used in measuring land, 
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coasiBting or a number ol' links connected together by rings. 
Giailer'i chain, which is that gcnemlly used, is composed of 100 
links, and is equal to 66 feet or 4 poles in length : one square 
chain is 10,000 links, or 16 poles; and lOsquare chains 100,000 
links, or 160 poles ; make one I acre. 

The chain should invariably be stretched out on level 
ground and measured, previous to commencing operations, by a 
10 feet rod, and if found too long, corrected by removing some 
of the rings or shortening the links, the corrections being made 
equally from each end, and from the centre : if any considerable 
error exists it should be distributed equally over the ten divisions 
of the chain. It is also customary with some surveyors to mark 
out a chain correctly on some convenient spot, a^ a standard to 
refer to from time to time. Chains, double the length of 
Gunter's, are also used, and preferred by some, on account of 
their expediting the work : and 50 feet, also 100 feet chains, 
may be advantageously employed in a survey, as for streets, roads, 
canals, and railways, where the superficial contents are not the 
immediate motive for the survey, it being necessary to return to 
the 66 feet chain in reducing the quantities to acres. 

Chaib (rdlway), a pedestal or socket, of cast-iron, used upoi 
railways for receiving and securing the rails, and generall' 
weighing from 12 to 20 ft, each. 

The chair for receiving the ends of two 
rails is termed a Joint, or double chair ; and 
these are of larger size than the others 
which are called single, or intcTfuediate chairs 
The chairs are fastened to the blocks by oak 
trenails and iron pins : a hole. 2 inches in 
diameter, being first drilled in the block mto 
which the oak trenails are driven ; a | inch hole is then bored 
the latter by an auger, and the iron pin passed through the seat 
the chair and drove securely into the trenail, a piece of felt bei 
introduced between the seat of the chair and the block, 
a firm bearing. When sleepers are employed, the chairs are 
secured to the sleepers by means of iron spikes. 
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It is very desirable to get such a form of chair as will adapt 
itself to any settlement of the block without deranging the rail, 
by either forcing it up or down. Mr. Nicholas Wood, in his 
Practical Work on Railways, states, that none of the many 
chairs at present in use, which receive the ends of the rails in 
their sockets bodily, effect this. A rail which merely rests on 
the chair at a single point, partly obviates it ; but a mere pin, 
passing transversely from one cheek of the chair to the other, 
and through the rail, will best accomplish it. This formed an 
excellent mode of securing cast-iron rails, as they were made 
in lengths equal to the beating between each chair only ; but 
it is unnecessary with wrought-iron rails, except at joint chairs, 
in which case the rails must be halved and lapped at the ends, 
to allow of the passing of the pin through each of them ; although 
square jointing is employed on most lines of railways, being the 
cheapest. 

The chairs should be formed as little wider than the rails as 
possible, by which they would be more likely to escape the wheels 
in the event of an engine running off, and consequently concussion : 
and the means adopted to confine the rails within the chairs should 
be as simple as possible : the most general plan of securing 
them at the present time, is by driving a key, in a horizontal 
direction, within the space between the cheek and the rail : an 






Section. 



EleraUon. 



Plan. 




iron key was originally used, but 
one of oak has been found to answer 
the purpose best ; although there are 
many other varieties of chairs and 
fastenings. 

Mr. Robert Stephenson took out a patent, in 1833, for the 
following chair, the principal improvement in which consisted in 



View of chair. 



the self-adjusting seat for the rails to rest or, snd the mode of 
fastening the same . — 

Figure 1 is a plan of the chair, &c., a a 
being the rail. 

Figure 2 ia an end elevation. 

Figure 3 represents a transverse sec- , 
tion of the chair, ft 6 being the pins 
through which the cottars are passed to 
secure them ; and c the segmental bear- 
ing-piece, which lays loose in a socket prepared for it in the 
bottom of the chair. 

Figure 4 is a perspective view of a joining, showing the halving 
of the rails. 





Chalk, a calcareous earth, of very soil substance and of a fine 
white colour, with a yellowish tint when mixed with iron. It is 
generally found in thick beds, nearly horizontal, with thin layers 
of flints intervening, and containing a great quantity of dis- 
organized matter. Mr. Kinman gives the following analysis of 
chalk when in a pure state : — 

3 of water. 
53 „ hme. 
42 „ carbonic acid. 
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The Tring cutting, on the London 
and Birmingham Railway, is taken 
through this material, in which many 
Ejevationoftop. fossils wcre discovercd. 

Chalk will stand at a very steep in- 
clination, if executed in steps or ledges. 
Lime prepared from chalk is very 
serviceable for building purposes, al- 
though it is not generally considered 
equal to stone lime ; but Dorking, and 
other excellent limes, are obtained from 
chalk quarries 
• Cheeks, those parts of machinery 
which are double, and enclose other 
parts. 

Chimney, a long funnel or aper- 
ture, erected for the purpose of draw- 
ing off the smoke from a furnace, and 
the like, which operates as follows, viz. 
as the column of air in the chimney 
becomes heated, and consequently 
rarified, its specific gravity or weight 
is thereby reduced, when it effects an 
escape at the top of the chimney, ere 
ating a draught up it from the furnace ; 
and the higher the chimney the greater 
will be the power of draught. The dense 
black smoke, so oflen seen escaping 
from chimneys, is composed of a quan- 
tity of unconsumed fuel ; it is, there- 
fore, a great object to prevent this waste, 
by consuming the smoke in the furnace, 
the pernicious effects of it upon the at- 
mosphere is also thereby removed. 
In erecting chimneys, from 70 to 90 
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SH CII I PPING.PIECES— CLACK-VALVE. 

feet high, it ia a common rule to make them 20 inches square at 
the top for each horse power of the boiler, giving an area of 400 
square inches ; and the draught is not inipraved by increasing 
the heig[it much beyond 40 or 50 yards, unless the width be 
increased in a similar ratio. 

The two chimneys connected wilh the stationary engines thi 
work the Euston-square plane, on the London and Birmingbi 
Railway, are 1U2 feet 4 inches high, and have a very elegt 
effect ; they sre nearly 1 3 feet in diameter at the base, and about" 
5 teet G inches u,t the top, and the greater part of each is carried 
up in 1 j and 2 bricks only, the bases being rather more (see cuts). 

Chipping-Pieces, the projecting pieces of iron cast on the 
faces of iron framing, when intended IS be rested against each 
other ; the chip ping- pieces, therefore, become the points of 
contact. 

Chock, a filling in piece, or loose block of iron or wood. 
any machine or contrivance, 

CiRCUMVEKENTEH, an instrument, used in surveying, 
taking angles by means of the magnetic needle, and employed 
where great accuracy is not required, excepling in tlie line of thi 
permanent direction of the needle. 

The magnetic needle is enclosed in a compass-box, which 
mounted on a pivot in the head of a three-legged stand, the 
cumference of the box being divided into 3tiO parts, or degi 
and the latter is furnished with two sights on opposite ends 
the meridian line, or 180°. 

In taking the angle between two objects with it, the box 
turned until one of them is seen through the sights ; the numl 
of degrees to which the south end of the needle points Is t' 
noted, and the box is again turned until the second object is st 
when the degrees pointed to by the needle arc again noted, 
the difference between the two numbers is the quantity of 
angle. 

Clack-Valve, fi vrtive much employed in hydraulics, ooi 
sistiug of a circular piece of leather covering (he bore of the tu' 
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in which it is fixed, and moving by a hinge, «. ^ 

sometimes consisting of metal, at other times i ^/^ \ i 
of leather. When two semi-circular valves of * 
this description are employed, and attached to a 
bar placed across the tube, it is called a butter- 
fly vaive, which is considered an improvement on the common 
clack-valve. 

Claying, the operation of puddling. — See Puddle. 

Clinometer, or Batter- Level, an instrument employed in 
measuring the slopes of cuttings and embankments ; it consists 
of a quadrant graduated to degrees, and fixed at the end of a flat 
bar which is laid along the slopes, and an index turns upon the 
centre of the quadrant to which a spirit level is attached ; there- 
fore, upon the bar being laid lengthways across the slope, and 
the level set horizontally, the angle of the same will be indicated 
on the quadrant, as the latter partakes of the motion of the rod . — 
See Slope. 

CoAL-MiNE. The working of coal-mines differs from stone 
quarries, inasmuch as the latter are generally laid open to the 
light, and worked from pits at the surface ; while those of the 
former are worked by means of shafts, which are sometimes of 
very great depth, the coals being drawn up to the surface of the 
ground by a steam-engine. There are no instances in this country 
of coal-measures, or beds, lying sufficiently near the surface to 
be laid bare and worked in open day ; nor are they met with in 
the sides of hills, where the mines could be pushed forward in a 
horizontal direction. 

The method of working coal-mines difiers throughout the king- 
dom, being regulated by the various local circumstances and 
customs ; and that class of civil engineers, who devote their atten- 
tion exclusively to the subject of coal-mines, are designated 
coal or colliery viewers. 

In the Newcastle coal-field the amount of capital necessary to 
work a mine varies from £10,000 to £15,000; they are gene- 
rsdly leased from the proprietors, the lessees being termed 
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adventurerg ; the extent of the mioe is marked out on the surface 
(if the ground, the coal has then to be wan, i. e. obtained pog- 
session of. The risk attending the winning of a field of coal is 
very great : quicksands are frequently encountered in sinking the 
shaft, and great quantities of water occur at certain parts of the 
stratification, generally at about 250 or 300 feet, which is 
dammed back by tubes, or iron pipes. 

The shafts vary in depth from 40 or 50 to 1,000 or 1,200 feet ; 
besides the working shaft, another ia also required to draw up 
the water and ventilate the mine, and these are independent of 
ventilating -shafts, which are required at every 100 yards distance. 
The weight of water drawn up is frequently ten times greater 
than that of the coal. A steam-engine is fixed at the p^l's mouth 
to draw up the coala, and they are also employed below in deep 
mines with very great advantage, in which case the shaft goM 
only a part of the way down, wlien inclined planes are made \ 
the bottom, the which are worked by another steam-engine, fixel 
at the top of tiie plane. The coal ia worked in galleries laterallja 
or in the direction of the seams ; pillars being left to suppojl 
the top strata, forming the roof. In Staflbrdshire the whole c 
the coal is removed, and the roof allowed to full in, precautioid 
being taken for the safety of the miners : sometimes the roof doe 
not give way, in which case immense vacant spaces or voids t 
left, which, in course of time, become filled with water, to t 
imminent danger of the adjoining mines, as they may accideiiij 
tally open into one : mines have frequently been drowned by t! 
circumstance. 

The presence of fire-damp ia another fearful occurrence I 
which coal-mines are subjected ; the coal, in its natural 1 
contains a great quantity of free uncombined gas, which i: 
engaged by the action of the air occupying the place o 
strata excavated, and on account of its being relieved from t 
great pressure exerted upon it by the latter: the lower the stra 
the greater vrill be the quantity of gas evacuated, as it parti 
escapes from the upper beds by means of the fissures : a gren 
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escape of gas takes place under ordinary circumstances, as it is 
in continual process of distillation from the lower coal-measures, 
and it accumulates in all the fissures of the stone where it 
acquires a highly condensed state ; these fissures are frequently 
many miles in extent ; and if the miners cut across one of these, 
or approach sufiiciently near, the elastic force of the compressed 
gas causes an eruption, when it rushes out with immense force, 
and in vast quantities: these currents are termed blowers, and 
have been known to continue in action from two to three years. 
Naked lights in mines are wholly inadmissible, as, upon the 
approach of a candle, the gas instantly explodes with a report 
like gunpowder, often causing lamentable accidents. Light was 
formerly obtained in mines by steel mills ; a small steel wheel, 
about 6 or 7 inches diameter, was moved with great velocity, and 
a piece of flint was presented to it, when a stream of sparks was 
emitted ; the light thus obtained was very feeble, and not alto- 
gether free from accidents with certain gases. The safety lamp 
of Sir Humphry Davy is now universally employed, which 
consists of a vessel for the reception of the oil, and a cover of 
fine wire gauze enclosing the wick, which is generally locked on 
to prevent its removal ; upright frame wires surround the cover, 
terminating at the top by a sort of cap, in which there is a ring 
for carrying it. The principle of the davy, as it is called by the 
miners, consists in the circumstance of fire-damp not exploding, 
imder any degree of heat, provided flame is not present ; and the 
fact discovered by Sir Humphry, that flame could not pass 
through short tubes of very fine bore, which the gauze may be 
said to represent. The lamp subsequently received some im- 
provement in the shape of reflectors placed above it, whereby the 
light was concentrated. — See Mine, 

Cock, a sort of revolving valve, fixed in a pipe, for the pur- 
pose of stopping the passage of any fluid through it when 
required. 

Coffeb-Dam, a water-tight enclosure, used in putting in the 
foundations of bridges, sea and river walls, &c. (which are en- 
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circled by the same) when Ihe work cannot 
tides, on account of f.lie 

Coffer-dams are 
either of a 
cular, oval, 
oblong form, and, 
consist of one or 
more close rows 
of sheet piling, 
rising above high 
water- mark, and 
bolted transversely toge- 
ther, buying a large body 
of clay well punned be- 
tween each row, with 
stays, raking-piles, and 
braces, at the back of the 
same, to support the 
pressure of the water on 
the outer side. Upon the 
completion of the 
the water enclosed by it 
is pumped out, and the |^i„„„,„ 
foundations carried up, — Set Piles. 
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Cogs, the teeth employed on wheels and racks in machinery, 
constituting their means of action. 

Cog- Wheel, a wheel having a number of cogs placed round 
its circumference. 

Coke, a mineral charcoal, a fuel much employed for steam- 
engines ; it is obtained by burning coal to a red heat, in heaps, 
properly covered, to prevent exposure to the air : the bitumen, 
and other gaseous substances, are thus drawn off, leaving a 
cinder behind, such as is left in the retorts employed in gas- 
works. — See Fuel, 

Collar, or Gland, a term applied generally to a circular 
piece fitting into another, for the purpose of holding it in its 
place, as a metal plate screwed down upon the stuffing-box of a 
cylinder to keep the former in its place. 

Compass, an instrument for determining the angle of any 
particular object with the meridian, which is effected by looking 
through sights placed on the margin of the instrument, and then 
reading off the degrees and minutes pointed to by the needle, 
the which gives the angle formed with the magnetic meridian; 
the variation of the same at London, with the true meridian, 
being about 23| degrees westward of north at the present time. 

Concentric Engine. — See Rotatory-Engine, 

Concrete, an artificial cement, principally employed in the 
foundations of structures : it is composed of good lime, gravel, 
and sand, in the proportion of about ^th to \th of lime, and it 
should be laid in about 12 inch layers or courses, and pitched 
down by barrows from a height of 10 or 12 feet, and it should 
not be disturbed until properly concreted and set, when it may 
be levelled, the footings laid upon it, and the walls carried up. — 
See Foundations. 

Condensing Engine. — See Low-pressure Engine. 

Conduit, a passage, pipe, or canal, for conveying water, or 
any other fluid. 

Conical Valve. — See Safety-Valve, 

Conical Wheels. — See Bevel Gear, 
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Constant (railway). The term conatant ia tipplied to certain 
fixed quantities, both in nature and art, the which are supposed 
to be concluaive, aa the height which a body falls iu a second of 
time, the ratio of the circumference of & circle to its diameter, 
and as applied to railways ; it refers amongst others to the pro- 
portion which the tractive power necessary to move a traia 
bears to the weight of the latter, which is stated at ^-^ to ,Jj, 
varying according to the perfection of the carriage and railway 
experimented upon. — Set Railway, Adhesion, and Angle of 
Repose. 

CoKTiNuoos Bearings, the method originally employed of 
laying rails, in this country, consisting of longitudinal sleepers 
secured to transoms. 

The system of continuous timber bearings has been con- 
siderably improved, and m<ich used in America, where it ll 
been found very suitable, on account of the abundance of timn 
in that country, and the scarcity of iron. 

The plan of forming the line of the Great Western Railwa| 
may also be described as a return to Ibis syatem. The lon| 
tudinal or continuous bearings being from 5 to 7 inches ii 
and 12 to 14 inches in breadth, and laid down in about 30 fej 
lengths, securely bolted to cross transoms, G inches broad 1 
9 inches deep. There is a double transom at the joinings of trf 
longitudinal beams, and a single one between them, thus they 
are single and double alternately. Piles of beech are drivea 
within each tract at nearly midway between the rails, 10 inohMj 
diameter, and 12 feet long, to which the transoms are eecuH 
by horizontal bolts; and there are, therefore, two piles to tl4 
double transoms (which are situated between theni), and the s 
number to the single ones. When the piles and timbers t 
properly fixed and secured together, sand, or fine screendl 
gravel, is beat or packed underneath the longitudinal bearer! 
until the spaces between the piles are forced upwards, and a fi 
bed is obtained ; and the rails, weighing about 44tb. per yai 
are then laid. Mr Nicholas Wood, in his excellent Work upg| 
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Railways, states, that the whole 
:»tftbiHty or superiority of this rail- 
way over other wooden railways, 
depends entirely "upon the retain- 
ing power of these piles," 

Convoy (to railway carriages). — 
BraAe. 




M ClUB— CRANE. 

CBA.B, B small portable crane, used for raising materials, 8 

us ihe ram of a pile-driving machine, &c. 

Cradle, or Coffer, the frame-work employed ii 
diculiLT liRs, for holding the bouts, and conveying them from o 
pond to the other. — See Perpendicular Lift. 

Ckamp, a metal tie, used for securing the several stones ^ 
a wall together. Cramps, are not much used in engineerii 
works, as the maaonry is generally solid, and the blocks laid i 
large sizes, which, therefore, do not require them. Copper 
best material for tliem, particularly when occurring externally; 
but iron is generally employed. A vertical cramp is termed a 
dowel, or plug ; and each description of cramp should be well run, 
and covered with lead. 

Crane, a machine employed at wharfs, warehouses, &c., for 
raising and lowering goods, materials, &c., consisting of a loi 
projecting arm, called the jib, having a pulley at the extremill 
of the same, over which the rope or chain passes, by which tU 
goods are raised, the other end being taken round a bani 
attached to the foot of the jib. The great desideratur 
turning of the barrel with the least degree of power ; and thai 
have been various plans for effecting the same. The handle otm 
crane, called the'^'ncA, should not be lesa thaji 2 feet 11 inchd| 
or 3 feet from the 
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a id an upright pillar of caHt-iron, firmly fixed in a foundation 
of masonry, in the head of which there is a pin which supports 
^^he jib b, and forma a pivot, round which it turns, d, d, are two 
^^^kuta supporting the extremity of the jib, tbe lower ends resting 
^^B ft collar, which ia suspended from the jib by iron rods, /,/, 
^^Bld passes all round the pillar. The barrel is supported by aide 
frames, j; and ft is the toothed wheel, whereby the barrel is 
put in action, which is turned by a winch and pinion. The 
crane is turned round on its pivot by tbe winch m, which ope- 
rates on an intermediate wheel and pinion, and thereby turns the 
lower pinion n, which works in a wheel o, fixed in the base of 
the pillar. 

Crank, a ahort arm or lever, fixed to the shall of any machine, 
land set in motion by a connecting rod proceeding from some 
^^Hber part of the engine, which has a reciprocating motion to and 
^^^p> by which it ia converted into a rotatory one. Large fly-wheels 
l^lie required to be hxed to the shall where one cylinder is used, 
" and a continuous motion ia required, as they carry the crank 

round the dead points by reason 
^^feverage, A crank usually con- 
^^fcts of two limbs Joined together 
^^^ a pin, termed the crank-pin. 
^^Hb the cranks of locomotives 

^^Bd very liable to fracture, straight axles are sometimes employed, 
^^|Bd tbe wbeels are turned by a connecting rod fixed to them on 
^Tae outside. Some manufacturers cut the entire crank and axle 
out of a solid piece of iron, which reduces the liability of acci- 
dents much. — See Stfam-Engine and Steam-Boat. 

Ceossing (on a double line of railway), the necessary arrange- 
ment of rails to form a communication from one line to the other. 
Tbey are similar in construction to sidings, having switches and 
croesing -points. — See Siding. 

Cbossing (level). — Sec Level-Crossing. 

Crossing-Point, or Fixeb Point or Point-Plate fin rail- 
ray sidings), 'he points where one rail crosses another, which 
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are fixed or immoveable, suitable grooves being left for the pas- 
sage of the flanges of ihe carriage wheels on either trackway.— 
See Siding. 



Cross-Staff (in surveying), a. rod shod with iron, upc 
top of which a rectangular cross is fixed, for the purpi 
setting off offset-lines square with the principal ones, and similar 
purposes. It is also frequently divided into ten links, and ui 
for a rod for measuring the offsets, instead of the chain. 

Crown, or Contrate Wheels, a wheel employed for 
necting the motion of one asis to another, 
situated at right angles to it, thus — 
Conical wheels are more frequently em- 
ployed for the same purpose, on account 
of their possessing less friction. 

Cdddy, a three-legged stand, forming a fulcrum, upon whii 
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a long pole is placed, which is used ns a spring lever, 
employed to lay railway blocks. — See Block (atone a» ajqilie 
railways). 

Culvert, a drain carried under a road, railway, Stc, 
generally constructed of either atone or brickwoik. 



CURVE. n 

Culverts are aomeiimes used for conveying the waier of brooks 
from the high side of a road to the lower. It is necessary, after 
fixing Ihe best situation for a culvert, to ascertain the quantity of 
water that is likely to run in the direction of its course, previous 
to determining the 
size of the bore. 

Figure 1, repre- 




CuH7E, a term applied to a bend in a line of road, canal, 
or railway. 
Turnpike roads should be formed as straight and direct as 

circumstances will allow, and without any sudden bends ; but 

they are frequently obliged to wind round a bill in order to get 

p it, and a similar expedient is employed in the construction of 

i, to preserve the low level. 
I Sharp curves on a line of railway are highly objectionable, as 
jntrifugal force arising upon them has a tendency to throw 
a train off the rails : they should never be laid down with less 
a |tbB of a mile radius ; notwithstanding, many expedients are 
BsoTted to of obviating the difficulties attending them : the fric- 
tion is also increased, on account of the flanges of the carriage 
wheels rubbing upon the aides of the rails. The peripheries of 
8 wheels of railway- c arrives are always enlarged in diameter 
ixt the flanges, being made slightly conical, which compensates, 
1 certain extent, for the extra length of the curve of the 
liter rail. The tires of fhe wlicels are usually made about 
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t of an arch on the plan, and the face of the dam wall 
should be plumb, or battered down very gradually, and the 
lower level, or foot, being properly paved or planked. In c 
where the fall is considerable, it is frequently divided into i 
than one dam : they are also sometimes conatructed upon ;i 
moveable principle, and are removed in flood seasons. 

The following is a representation of a dam, as generally cot 
Btnicted : — 





Datum-Line, ihe base or liorizonlal line of a section, from 
wUicli all heights and depths are calculated, and which is de- 
termined by the level, and bears reference to some fixed point 
a the line. 

L The level of Trinity high water mark, ns fixed in the year 1800, 
■ usually taken as a datum in the vicinity of the metropolis ; and it 
I often observed by engineers, that the adoption of one general 
I for England and Wales would be very advaatageous. 
igh water spring-tides form a good datum, as giving an idea of 
i possibility of draining the line of country, marked on the 
^tlon. In extensive operations the mean level of the sea may 
i taken, which, according to M. Be la Laude's method, and 
in the Trigonometrical Survey of England, may be 
ained by taking the level of low water, and deducting there- 
a jrd of the height the tide rises. The section may be made 
9 refer to any other datum-line that may be required, differing 
1 that to which a drawing may be plotted, by ruling a line 
B)ove or below it, of the requisite difference In level ; and by the 
me rule it is much easier to plot each portion of a section to a 
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datura-line of its own, and alterwards rule the proper datum-liill 
of the entire survey parallel lo it, and in its proper situation. 

Deflection, a term applied to the degree of bending of an^' 
mateiial when exposed to a transverse strain. If a body be sup- 
ported at both ends, and loaded in the centre, a certain deflection 
always takes place, which is proportionate to the weight, Wheu 
the elastic force of the material exceeds the straining force of the 
material, the amount of deflection is directly proportioDate to the 
pressure, and wdl remain only as long as the weight is upon it, 
and the body enperimeoted upon will instantly regain its original 
position, upon the removal of the weight ; but when the load is 
the greater power, the deflection gradually increases, until a per- 
manent alteration of form ensues, and at length a fracture occure, 
if the load be very great, or in the event of its being mcreased. 

Mr. Tredgold gives 6.83 tons as the degree of elasticity, or 
amount of strain, which a square inch of cast iron will bear, 
withoat permanent alteration : and Professor Barlow assumes the 
tension of wrought-iron, or power to resist tension of wrought-iron 
bare, at 10 tons per square inch. 

The deflection, and consequently the strain, of railway bars, 
or rails, are considered by Professor Barlow as nearly I 
same, whether the load bo in motion or at rest when t 
thing is well fixed and secure (as demonstrated by soiB 
experiments of his on the strength of iron made at Woi 
wich, and some experiments on rails made on the LiverpoJ 
and Manchester Railway) : but as strains are frequently throin 
on the rails, which produce a strain equal to double that whia 
belongs to the load in question — in other words, a waggon i 
sometimes lurch, and throw all the weight on one 
therefore considers, that until greater perfection is obtained j 
railways, a strength of bar, more than double that required fi 
the mere strain, must be provided ; and the above expenmei|( 
show that it must be 10 or 20 per cent, beyond the double ; 
for a X2 ton engine, a strength of raits equal to 7 tons would % 
necessary, according (o the- present distribution of the weigh! 
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. with greater accuracy of constraction, a heavier engine 
Lght pass over tlie eame rails — say an engine of 14 or 16 tons. 
i found, in prosecuting the experiments, that the blocks 
o yielded at the time of a train passing over them, which de- 
sion, or disturbajice of the block, amounted to from .019 to 
liOSl of an inch when securely fixed; and with hanging and loose 
blocks it was double, or even triple. And taking one-half of 
this as resolvable to the middle of the rails brings the deflection 
of bars, with weights moving over tfaem, to about that of rails 
with equal weights resting upon them. 

Degree (in geometry}, the 360th part of the circumference 

Ka circle, all circles being supposed to be divided into that 
imber ; it is denoted by a small " near the top of a figure, 
us, SW; each degree is again subdivided into sixty parts, called 
■ * ninateg, and denoted by a mark, thus, 25' ; and those are again 
subdivided into sixty parts, called seconds, denoted thus " ; there- 
fore, 36°, 25', 20", means thirty-sis degrees, twenty-five minutes, 

d twenty seconds. 
\ Depot, or Station (on railways, &c.). This term is applied 
B the commencement and termination of a railway, &c. ; also to 
Ettions for the taking up and setting down of passengers or 
B additional quantity of rails required for the stations, 
., of a railway, is very great; it amounted, on the 
London and Birmingham Railway, to -,'^th of the total quantity 
required. 
^^m The receptacles for tools and materials on the side of a rail- 
^^kay, or road, are also termed dep/ita. 

^^t Diagonal, a term applied generally to a right line drawn 

^^■iprosB any figure, from the vertex of one angle to the vertex of 

^^Biother, or across from one corner to the other. 

^^f Diving Bell, an apparatus employed for under water works, 

somewhat resembling a large barrel without a bottom, or a bell, as 

the name implies, and is usually of about 5 feet in height, and 

, the same in widlh, in the clear. 

Diving bells arc mostly formod of very thick cast iron, and in 
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one piece, whereby they are air-tight ; the weight of metal causes 
the bell to sink readily, and its subetaoce protects it froni acci- 
dents 1 the top has an opening disposetl for the reception of a 
supply of air: thick lenses are also fixed in the upper part to 
admit light. It has been thought that many under water works, 
at present executed by means of cofTer-dams, and other con- 
trivances, may he effected by the help of diving hells, by which 
a great saving would be made ; and there have been instances of 
their being employed for such purposes. The piere of the Lary 
Bridge were carried up by means of wooden diving hells, under 
the direction of Mr. Kendel, although the stream was very 

Dock, an artificial enclosed basin, formed for the reception 
of shipping, of which there are three descriptions, viz. met docks, 
or docks for the reception of ships at all states of the tide; 
dry dorks, so called from their heing left dry when the tide is 
out ; and graving docks for the repairing of vessels. 

Wet docks consist of very extensive basins, communicati 
with some large river or harbour, by means of locks, and 
proper depth of water is always kept up in them, so that 
are afloat at all times of the tide. The entrance to wet docks is 
by a basin, with lock and pier-head at its entrance ; and this 
entrance basin is generally connected by locks with two different 
docks, vie. an import, or one appropriated for ships in loading ; 
and an export dock, for vessels going out, the quays of which are 
generally surrounded by warehouses, for the reception of goods. 

The wet docks, at Liverpool, were commence! 
1708, and they extend, at the present time, to a. distance of abi 
two miles along the banks of the River Mersey, and in front ol 
the town, presenting a most striking effect. The Hull docks wei 
commenced in 1774; and docks were also conmienced at BristoI,i 
and at Leith : but there was no dock in the metropolis, or ace 
raodation on the Thames, until nearly half a century after a 
dock had been constructed at Liverpool, which is partly 
counted for by tiie superiority of the port of London as a natui 



ide 18 

uid^H 

'essel^H| 



jb'bour when compared with that of Liverpool. The West India 
which were the earliest in London, were commenced in 
r 1800, in which the import dock is about 2,600 feet in 
length, and 400 in breadth, covering an area of nearly "25 acres ; 
and the export dock is of the aiuae length, by 500 feet in breadth, 
comprising nearly 30 acres. There are, also, other wet docks 
connected with the establishment ; tfieir depth of water is 25 feet, 
at spring tides, and (he whole will contain 600 vessels, from 
250 to 500 tons burthen ; the warehouses are noble buildings ; 
the tobacco warehouse is the most spacious erection of the kind 
in the world, being capable of containing 2,500 hogsheads, and 
the vaults underneath will hold the same quantity of wine ; it is 
said to occupy a space of 4 acres, and is all under one roof. 
The London, East-India, and other metropolitan docks, are also 
very fine docks, St. Katherine's Docks were opened jn 1828, 
and are convenient, on account of their close connection with 
the centre of the city. The machinery employed at the several 
docks, consisting of cranes, railways, &c„ is also veiy ingenious 
ftnd perfect. The depredations carried on upon the River Thames 
previous to the construction of the docks, was immense i they 
nay, therefore, be said to have been of considerable benefit : the 
■hips, also, now lie in perfect security from the effects of storms, 
whUe their cargoes are being shipped or unshipped, and the river 
is kept dear of obstructions, comparatively speaking. 

/ Graving docks are prepared for the reception of vessels that 
require repairing ; they are also known by the name of repairing 
docks, and are formed of dimensions merely sufficient to admit of 
one vessel, although sometimes large enough lor two ; they are 
furnished with a pair of gates next the river or entrance, to keep 
the water out, the vessel being floated in at high water, when the 
water is withdrawn by the tide, and the sluices connected with it 
are shut, and any that may be lefl within it, is pumped out ; proper 
shores or props having been previously placed against the sides 
of the vessel to support it. 

A description of floating graving dock is employed in the 
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United States of America, consisting of a hollow vessel or 
box of framed work, upon which the vessel to be repaired is 
floated, the water is then pumped out from the interior of the 
hollow vessel, when it gradually rises, lifting the former out 
of the water 9 and leaving the bottom exposed to view. There 
are, also, other methods for effecting the same end practised 
there. * 

Double-acting Inclined Plane (on railways). — See Self- 
acting Inclined Plane. 

Double-railed Inclined Plane, an inclined plane having 
two lines of rails upon it. 

Drain, or Ditch, a trough for receiving the water drained 
from a road, or railway. — See Ballasting, Culvert, Embankment, 
Excavation, Fencing, and Railway, 

Drainage (for agricultural purposes), the process of diverting 
and drainingthe water off from bogs, marshes, and lands, subject 
to be flooded from heavy rains ; also for recovering land from the 
sea. It is recorded, that the drainage of the extensive marsh, 
which reached from the Thames to Camberwell hills, was con- 
tinued by the Romans, until, by "drains and embankments," 
they recovered all the low land in South wark and its vicinity ; 
and the general method resorted to at the present time is some- 
what similar, viz. by cutting trenches to a certain depth below 
the surface, to carry the water to the lower levels, forming em- 
bankments to support it, &c. 

According to Dr. Anderson, of Edinburgh,, swamps and 
morasses arise in consequence of the water attracted from the 
atmosphere, by the summits of hills and mountains, which pene- 
trate through the porous strata, of which they are formed, until 
its course is arrested by a stratum of clay, or other impervious 
material, where the water accumulates and stagnates, and at 
length forces its way upwards through the soil, forming bogs and 
marshes in the valleys at the foot of the hill. And he recom- 
mends that a trench be cut along the base of the hill, extending 
to the substratum of clay, or other body, which impqdes the escape 
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of the water, and it can then be conveyed away by another drain : 
faggots or stones may be piled over the trenches, so that the run 
of water is not disturbed. In cases where the top soil is of very 
great depth, and the water does not rise in the ditch, he recom- 
mends boring for the clay until it is reached, when the water will 
rise into the ditch. He is supported in this opinion by Mr. 
Elkinton, who bestowed great attention to the subject about the 
same time. 

In every level country where there is not sufficient fall to carry 
off the water, mechanical means are obliged to be resorted to, as 
pimips, syphons, and the like : pumps driven by windmills were 
very extensively used for this purpose in Lincolnshire formerly ; 
but steam-engines are now substituted, and with considerable 
advantage. The amount of mechanical power necessary to drain 
fen land is not so great as commonly imagined, as there are not, 
generally speaking, any natural springs to encounter ; therefore, 
upon the upland water being enclosed by embankments, and carried 
into the rivers in their vicinities by catch-water drains, nothing 
more remains to be removed but the water that descends fiom 
the clouds, which has to be raised to the higher level, where it 
is run off; the lift varies according to the height of water in 
the river, which is influenced by the tides, floods, &c., but it 
seldom exceeds 3 or 4 feet, to which about 18 inches must be 
added, on account of the water lying in drains, and consequently 
below the level of the ground. The land recovered is generally 
of a rich and fertile nature ; it also possesses the advantage of 
irrigation ; thus, when the country is dry, the sluices from the 
rivers may be opened, and the earth moistened. The effect 
produced by windmills would be quite sufficient if they could be 
depended upon : but steam is preferable, as it generally happens 
that in cases of much rain there is but little wind ; the latter are 
also always ready, and have been found to be the cheapest, 
taking all things into consideration. 

Mr. Joseph Glynn, C.E., has demonstrated the comparative 
facility of recovering fenny lands, by drainage, in a very satis- 
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factory manner : . he employs cast-iron wheels to raise the water 
from the lower levels, which are termed scoop-wheels, and are 
situated in the ditches; these carry the water upwards, being 
turned by a steam-engine. 

In reference to marine drainage, it may be stated, that mere 
lands reclaimed at once from the sea can seldom be of much 
value for agricultural purposes, sand materials being naturally 
the general deposit ; but the finer and lighter soils, which are 
constantly driven down from the alluvial tracts by the tidal pro- 
cess, should be first arrested, the which forms a fruitful supersoil. 
There are instances existing of portions of a country being now 
covered by the sea, which was once dry land ; and a vast quantity 
of vegetable matter may be allowed to have accumulated upon such 
ground, provided the action of the shingle has not reached it; 
and cases of this kind may be considered as forming exceptions 
to the above rule. — See Sewerage, Scoop-wheel, 8fC, 

Drainage of Mines, the getting rid of the water within the 
bowels of the earth, arising from springs, and other natural 
causes ; and for the purpose of facilitating mining operations. 

The drainage of mines forms a subject of immense importance, 
the power employed to accomplish the same being frequently 
ten times greater than that required in conveying the minerals up 
the pit : the system pursued is regulated by local circumstances. 
In mountainous countries, and wherever practicable, the method 
of draining by means of a day-level, or subterraneous channel, 
is adopted, extending from the lowest part of the mine to the 
adjacent valley ; in other cases, an adit is used as far as possible, 
and steam-engines employed to pump the water up the remaining 
portion ; and in flat countries steam power is obliged to be used 
for conveying it the whole of the height up to the surface. The 
depth of the pump shaft is usually divided into lifts, which, if 
possible, should not exceed 25 or 30 fathoms, a cistern being 
placed at each, and the water is raised alternately from one to 
another ; the diameter of the pump is regulated by the power 
required, and varies from 8 to 16 inches, or 18 at most, and the 
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length of the stroke is from about 6 to 8 feet, which it should 
never exceed. — See Adit and Mine, 

Deaining Tiles, the hollow tiles employed in the formation 
of embankments, to carry off the water to the side drains, being 
let into the earth, or placed one upon another down the slopes : 
they require frequent attention, owing to the settling of the soil. 
A row of drain tiles should be carried through the mounds of 
fencing at about every 100 yards distance, to convey the water 
into the side ditches. 

Draught (in masonry) the chisel-dressing at the angles of 
stones, which are generally made as a guide for the regular 
levelling of the several surfaces. 

Draught (in mechanics), the power or force required to put 
any machine in motion — as a horse-mill, or a coach, waggon, 
boat, or other vessel. 

The depth of water necessary to float a ship, or other vessel, 
is likewise termed the draught, 

Draw-Link (railway), a contrivance for securing the several 
carriages of a train together. The patent railway draw-link, in- 
vented by Mr. Henry Booth, of the Liverpool and Manchester 
Railway, is now very extensively used ; it consists of a double- 
working screw, a a, _^^^ .»*^ (? 
which is attached:^;^===^g^»=^^ 
to the hooks at tbe 
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ends of the car- 
riages by two long Mr. BoolhTl'Btent DrawUiik. 

links, b b, which are spirally threaded, to receive the screws; 
and the carriages are screwed up close together until the buffer- 
heads, d d, touch each other, by means of a lever, c c, fixed in 
the middle of the screw ; the springs of the several carriages are 
thus brought into constant play, and an equal elastic pressure is 
produced at starting, in lieu of the sudden shocks, of such 
frequent occurrence previous to its introduction. There is a 
weight at the end of the lever which keeps the cottar constantly 
suspended, by which the screws are maintained in their proper 
places. — See Buffing Apparatus* 
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its application, where it wns iTccted tor the purpose of allowij 
craft to pasa through the creek, and it consisla of two fra 
leaves meeting in the centre, upon which the rails are laid ; 
leavea are lifted by the aid of chains, fixed at the point of jm 
tion, and carried over piers at each end, with counterbalanciQ 
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weights fixed at their other extremities. There is also a small 
foot drawbridge built on one side of it, for passengers. Another 
bridge is also- lately erected at Selby, over the River Ouse, on 
this principle, for the passage of the Hull and Selby Railway. 

Dredgeb. — See Ballast Lighter. 

Dredging, the operation of removing the sand, silt, and the 
like, from the beds of rivers, harbours, docks, &c., which is 
effected by means of a dredger, or ballast-lighter. See Ballast 
Lighter, 

The constant dredging of* large rivers, for the purposes of 
navigation, is a very expensive process, and should be applied in 
confined positions only, or where it is imperatively necessary, 
in order to secure a certain depth of water against the inroads of 
the sea ; but it is employed to great advantage in the removal 
of shoals intercepting the beds of rivers. 

Drift, Driftway, or Heading (in mining, and excavating), 
a square horizontal passage, or boring in the earth, between the 
shifts or turns, sufficiently large to allow of a man passing through, 
they are generally employed in forming tunnels, and driven 
through from one shaft to the other, to ascertain the nature of the 
soil, and for other purposes. A driftway is sometimes made on 
the top or back of a tunnel, from one shaft to another, to assist 
the ventilation. 

Drop, a machine employed for lowering coals from railway 
straiths into the vessels below ; they are of a similar principle to 
perpendicular lifts, and are much adopted in the north of Eng- 
land, the waggon being placed upon a moveable cradle, to which 
counterbalancing weights are attached; and the balance is so 
contrived that scarce any force is required to efiect its ascent or 
descent, although a brake is attached to conduct the waggons : 
the cradle is suspended from a falling frame or leaf, which is 
projected forwaid^^us may be found necessary, by which it is 
brought directly wUk the vessel. 

Drought, a scarcity of water on canals, &c., for the purposes 
of navigation, and other uses; the term is also used as the op- 
posite to flood, and signifies a dry season, or a want of rain, &c. 
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& description of looling applied 
w cylinder or barrel fised on an 



Dhove, i 
tion of land. 

The term, drove, also refers to 
on the faces of hard slonee. 

Dhum, ot Rope Roll, a hoUt 
axle, around which either B*mgli 
passed, for the purpose of communicating motion to other parls 
of the machine. The drums used on the inclined planes of rail- 
ways are generally formed of cast-iron, the rope being wound 
round their peripheries, by which moTement the trains are con- 
veyed along the line. 

Drums are also frequently connected with machinery, being 
fixed on the main shaft, and leather belts are usually passed 
round them. — See Inclined Plane. 

Dry Rot, a term applied to that rapid decay in the interior 
of timber, by which its substance is converted into a dry powder, 
which issues from minute circular cavities, resembling the borings 
of worms. Timber once affected can never be restored ; there 
remains no choice but to cut away such parts. It is supposed 
to arise principally from the limber being used before the interit 
ia perfectly dry ; and it also occurs from being placed in 
fined and close situations where there is not a sufficient 
of air. 

There have been many attempts to prevent the occurrence of 
the dry rot, but Kyan's patent preparation is considered the 
most successful, and it is very generally employed as a previ 
tative for the same. 
DaY Dock. — See Dock. 
Dike, a term sometimes used in the same 
ment, wilh this difference, that a hydraulic embankment, 
one impervious to water, is alluded to ; thus, a considerable poi 
tion of Holland is preserved, by works caj^pd dikes, which 
rendered necessary by such parts of the coJBy being below the 
level of the sea ; the consist of a mound, properly sloped oo 
each side, on the top of which there is a road, and a sort of 
ia planted on the banks next the sea, which serves to strengthei 
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tbem, and the continual deposit of sea warp that takes place 
further assists them : a second dike is sometimes fonned behind 
the firsts .as an additional security, the space between them 
serving as a canal to carry off extraordinary floods. 

Dike (mining), a name applied to a kind of faulty vein when 
occurring of some extent, and which are generally found in a ver- 
tical position, intercepting and disturbing the regular strata of 
the earth ; they sometimes consist of clefts or fissures, and extend 
a considerable distance, being called, according to their ele- 
ments, as whin dikes, basaltic dikes, S^c, -, at other times they 
are merely filled with clay, having foreign substances imbedded 
therein. 

The occurrence of dikes frequently occasions great difficulty 
and expense in mining operations, both on account of the trouble 
of working them out, and their sometimes containing water, when 
the works are frequently inundated. 

Dynanometer, an instrument invented by Mr. Macneill, and 
used for measuring the amount of force required to draw either 
carriages or boats. 

This instrument has received various improvements ; but even 
now it answers very indifferently upon railways, and it gives no 
test whatever of the amount of atmospheric resistance (which is 
supposed to be considerable at high velocities) on account of 
being situated between the engine and train, as the locomotive 
receives the force of the air, but does not communicate it to the 
dynanometer. 

Earthwork, a term applied to cuttings, embankments, &c. 
The several methods employed in executing earthwork at dif- 
ferent parts of the country are very similar. The earth, after 
being dug, is conveyed by wheelbarrows at the commencement ; 
and waggons, running upon rails, (usually from 30 to 50ib. per 
yard) are employed as the work proceeds ; six teaming-places 
may be made where the slope equals 2 to 1, which greatly ex- 
pedites the work ; if less, four only can be made : a flat slope 
can, therefore, be executed, in a certain proportion, quicker than 
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& Steep one- If time is an object, the tip end of an embankment 
should be made wider than it is intended to be ^lished, to admit 
of more roads upon it ; and as the work proceeds it may be i 
duced to the required width, and the soil from it thrown doM 
the slopes: a certain width may, in faot, be allowed for it at tl 
bottom of tbe embankment. The time of executing an extensi^ 
embankment may be reduced one-half, by forming it in l-<i 
stages, as the works of each may proceed at the same time; aA| 
the difference in level is got over by inclined planes on each side^ 
for the use of the waggons : the teaming is thus progressing on the 
upper and lower one at tbe same time. BOO to lOOU cubic yards 
is said to be the utmost that can be excavated and led to em- 
bankment, or teamed, in one day, under ordinary circumstances ; 
although this amount baa been exceeded upon some occasions: 
thus, 1,600 have been moved per day at a steep cutting, 
Manchester and Leeds Railway, and that for many weeks t 
gether. The waggons hold about 2 cubic yards ; 2J or 3 yar 
is lhe*utmoBt they can hold, even by piling up. 

The most rapid method of executing earthwork on railways, t 
the like, is by throwing a part of the excavation to spoil, takiu 
it out from the higher side all throughout tJie lengtii, by n 
barrows worked by horse gins, instead of removing it from t!)j 
ends, the embankments being constructed from side cutting! 
this, of course, forms the most expensive process of procedui 
although land may sometimes be found suitable for it, which || 
termed sideling ground. The prices of earthwork vary accordinj 
to the nature of the soil, locality, and extent of the work; thfl 
price with an average material may be stated at 9d. per cubij 
yard, which includes excavating, and teaming a distance < 
1 mile to the embankment ; with a lead of about 2 miles, it is 
lid. ; and 3 miles Is. Id. When the lead exceeds 1 j mi 
locomotive may be advantageously substituted for horses i 
teaming. 

It is generally desirable to lay down the cuttings and embank^ 
menls on a line of railway, canal, &c,, equal or similni 



EARTHWORK. 



89 



contents. There are about 16,000,000 cubio yards of excavation 
upon the London and Birmingham Railway, -j^ths of which are 
used for the embankments, and -j^th laid as spoil banks, or spread 
over the country. 

The amount of earthwork of an engineering undertaking is 
obtained from the section, the height of the embankment and 
depth of the cuttings being marked thereon ; and the contents 
are calculated on the supposition, that " the area of any cross 
section in sideling ground does not differ from the area of a 
similar section on level ground ;'' therefore the section, being 
taken along the centre of the line, affords a true criterion of it. 

The contents are usually found, by Mr. MacneilFs tables, which 
he calculated upon the prismoidal formula, viz., '* that the cubic 
contents of a solid figure (such as an embankment) is equal to 
the areas of each end added 
to four times the mean area, 
and the sum multiplied by 
the length of the prismoidal 
divided by 6," thus: sup- 
pose the number of cubic 
yards in the embankment, 
represented in the cut, 
were required (and the cut- H 
tings are obtained in a 
similar manner), enter the dimensions in the book, thus : 

Base 30 feet, slope 2^ to 1. 




Longltadinal Section of Embankment. 




TnntTene Section of Embanlcment. 



Hetefatin 
feet. 


Tabnlar 
nomben. 


Distance in 
jarda. 


Contenta. 


01 
.20/ 

'■301 

oj 


» 23.46 
86.42 
44.44 


x200 
200 
200 


»4692 
17284 

8888 




30864 



Area of embankment 30864 cubic yards. 
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The column, headed ''Tabular numbers/' is that derived from 
the tables; but they may be calculated without them, as fol- 
lows : — 



Height of end 20 1 multiplied 
Slope . . . 2.5/ together. 



20 height of highest end 
ditto of other 



100 
40 



50.0 
Base 30 added 



80.0 
Multiplied by 20 height 



Area of end = 1600.0 



2) 20 



Mean height 10 

Slope 2.5 multiplied together 



50 
20 



25.0 

30 base added 



55.0 
Multiplied by 10 mean height 



550. middle area 
4 



2200 = 4 times middle area 
1600 = area of end 



6) 3800 feet 



3) 633.33 

9) 211.11 

23.456 yards 
Distance 200. in yards 



Area of A 4691.200 cubic yards 
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Height of lower end 20 feet : the area consequently same as 
last = 1600. 

30 height of highest end 
20 ditto of lower ditto 



Height 


; 30 


Slope 


2.5 




150 




60 




75.0 


Base 


30 




105.0 




30 



2)50 



25 mean height 
2.5 



125 
50 

62.5 



Area of higher end 3150 30 base 



92.5 
25 



462.5 
1550 



2312.5 middle area 
4 



9250.0 

3150.0 area of higher end 

1600.0 ditto of lower ditto 



6) 14000 



3) 2333.33 



9) 773^77 



86.418 
200. 

Area of B 17283.600 cubic yards 

n2 
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Height of end 30 feet: the area consequently the same as 

last = 3150. 

30 




3) 30 



15 mean height 
2.5 



75 
30 

37.5 

30 base 

67.5 
15 



337.5 
675 

1012.5 
4 

4050.0 
3150 

6) 7200 

3) 1200 

9) 400 

44.444 
200. 



Area of C 8888.800 cubic yds. 



Summary qf Contents. 

A 4691.200 

^ B 17283.600 

C 8888.800 



Area of embankment 30863.600 cubic yds. 
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Eccentric, or Eccentric Wheel, a contrivance employed 
in mechanics, and in very general use, for working the valves of 
steam-engines, consisting of a wheel situated upon the main 
shaft, but fixed out of its centre ; it is placed in a brass ring, 
which fits it loosely, and rods are connected with the ring, and 
secured to a lever at the other end ; an alternating motion is, 
therefore, given to the rods as the eccentric wheel turns round 
with the shafl, by which the valves are opened and closed. 




Edge Railway, a certain description of roadway, consisting 
of a succession of iron bars or girders, properly supported, upon 
which the peripheries of the carriage wheels revolve ; a flange, 
projecting 1 inch, being formed on the inner edge of the wheels, 
to prevent their getting oflf the rails. 

Edge-rails succeeded plate-rails, having been first used in 
1785; the inconvenience arising from the dust laying on the 
latter probably led to their introduction originally, although the 
many other advantages possessed by them might not have been 
contemplated at the time, as the form of edge-rails is certainly 
very superior, combining the least expenditure of material with 
the greatest possible strength, and the friction upon them is less 
than upon tram-rails. 

The first public railway laid with edge rails was constructed 
by Mr. Jessop, at Loughborough, in 1789 ; and they were origi- 
nally made of cast-iron, in 3 or 4 feet lengths, with a fiat base at 
each end, in which holes were left for the insertion of pins, 
by which they were secured to the sleepers, and cast-iron 
chairs were ultimately adopted for this purpose; they were 
also bowed on the under side, technically termed fish-bellied^ 
which form edge-rails retained until very recently, the head 
being made about 2^ inches wide, and rounded ; a cross section 
taken through the centre of a rail showed a greater thickness of 
metal at the upper than at the lower part. The rails were after- 
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wards formed of wrought-iron, oonaistiijg at firat of merely flat 
bars of iron, from 1 to 2 inches square, or bars 1 or 2 inches by 
3 inches, which were found to damage the peripheries of the 
wheels of the carriages considerably, from their narrow shape and 
want of an upper table or head (neither case hardening the wheels, 
nor wTought-iron tires being invented at that lime) ; and they 
continued to labour under this disadvantage until 1820, when 
Mr, Birkenshaw, of the Bedlington iron-worksi, invented a way of 
rolling and manufacturing iron rails of a fish-bellied form, and 
with heads complete, similar to the most approved cast-iron rails. 
The increased velocity of the trains upon public railways have 
rendered wrought-iron rails absolutely necessary, and they are 
almost invariably employed at the present time. Cast-iron rails 
are also becoming less used every day upon private railways, as 
they are brittle, and apt to snap upon a sudden shock, and the 
wear is greater upon them, ihe interior of the rail not being bo 
hard as tho surface, arising from tlie more rapid cooling of the 
metal of the exterior i thus, when the surface of a cast-iron rail is 
worn through by the wheels of the carriages, the decay increases 
considerably. Wrought-iron rails can also be manufactured in 
longer lengths, by which a less number of joinings are required. 
The wear and tear of the surface of the rails upon the Liverpool 
and Manchester Railway, were stated by Mr, Dixon, the reaidei 




engineer, at -jVth of a lb, per yard per annum ; and it is rt 
able, that good malleable rails do not o.\ydize when in use upo| 
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a line of railway, although similar rails, thrown down at random 
by the side of the line, will lose weight continually. 

The rails originally laid down upon railways were very light, 
viz., about 35 ib. to the yard, but experience has shown the ad- 
vantages of heavy rails : parallel rails, or rails having the top and 
bottom webs parallel, are almost imiversally adopted at the 
present time, in preference to the fish-bellied, although there are 
10 miles of the latter on the London and Birmingham Railway; 
there are also 25 miles of 65 ib. parallel rails, and the remainder 
is laid with 751b. parallel rails, the tables or webs being usually 
of similar size, and about 2| inches in width, and rounded o£f ; 
and they are made in 15 feet lengths. The meeting of the 
several lengths of the rails in edge railways are usually formed 
with butt joints, or, in other words, with square joints, being the 
cheapest : half-lap joints are sometimes used, but diagonal joints 
may be considered the best. There are several 
descriptions of edge-rails in use, some of which 
may be found at different parts of this work. 
The side cut represents the "Croydon rail," P 
which is screwed down on a timber beam, and therefore has a 
continuous bearing throughout. — See Railway, Tram Railway, 
Chair, SfC, 

Eduction Pipe (in steam engines), the pipe through which 
he steam escapes after fulfilling its duty. 

Elbow, the name given to an abrupt turn in a river, frequently 
caused from the action of the current upon one of the banks, 
which thereby becomes washed away, when the silt is thrown to 
the other side, where it forms an elbow. They are usually re- 
medied by erecting a rough stone dike across the concave side 
of the river, whereby the current is turned; or by a wing dam, 
as it is termed, built to the requisite height, which diverts the 
water into the proper course. 

Elbow Joints, those voussoirs of an arch which 
form part of a horizontal course ; as A, A, in the 
cut. 
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^^m Embankment (sometimes termed filling), artificial banks, or ^, 


^M mounds of earth. 
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[f, The employment of embankments 


H ' 


for the protection of low country from 




encroachments of the sea, and the 




overflowing of rivers, is of great anti- 




quity, having been constructed by the 




Babylonians and Egyptians for the _ 




preservation of their cities, the whi<AH 




were mostly built on level plains ; tl^^| 




water also afforded a means of inS^H 




gation, which the nature of the soil^l 




required; and the utility of embank- 


^^B ^ J^sS^M 


ments was not lost sight of by the fl 


Romans : but very little attention a^^H 


^H J^^^^l 


pears to have been bestowed upon the^^H 


[ during the middle ages, in comrat^^m 


with roads and canals, and their re- ■'' 


j vival may be dated at about the same 




1 period as the latter. The embankment^^^ 


of the River Thames are supposed ^H 


^H 1 "^^IHH 


be of great antiquity. ^^H 




The embankment on any engineering^ 


work should be carried up with great 


^H 1 ^WBH 


care, and in regular concave layers ; 


1 1 ^M 


in other words, it should be graduallMHl 




filled in towards the centre, which ^4^1 




give the sides an inclination to lei^^H 




inwards and prevent their slipping^H 




the water being properly run off, ^^| 




high embankment is best formed byj^^J 




succession of li!\s, or stages, at lea^^H 




two in number, as the soil is mof^^| 




liable to slip when carried up to tl:^^| 


1 


intended height at once. ^^H 
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A large drain is required to be made at the top of all cuttings, on 
the high side of the ground, to cut oflf the land springs, and prevent 
the water running down the side slopes, and a smaller one is dug 
on the lower side, which should be continued along the foot of 
the embankment, communications being made from one side to 
the other under the latter, by means of culverts, as circumstances 
may direct. An embankment of moderate height, and formed of 
good materials, as chalk or gravel, will consolidate in about two 
or three years ; but one formed of slippery clay, and of lofty pro- 
portions, will require ten years to elapse before it is thoroughly 
settled, up to which period wooden sleepers should be employed 
upon it, and the line may afterwards be relaid with stone blocks. 
The embankments of roads and approaches to bridges, &c., are 
sometimes formed with a layer of fagots, or brushwood, at the top, 
to receive the ballasting. — See Earth-work, Dike, Slope and Slip. 

Engine, the name given to all machines and mechanical con- 
trivances for producing, increasing, or regulating the power 
required for the accomplishment of any purpose. Most engines 
may be described as consisting of three parts : 1st, the starting 
power, by which the whole is put into motion, which bears 
no analogy whatever to the end attained, which is -termed the 
prime mover ; animal power, also water, steam, and even air, gas, 
and gunpowder, have been applied as prime movers; it would 
be represented in a steam-engine by the boiler and contingent 
works, by which the steam is produced. 2nd, That portion con- 
stituting what is commonly called the engine, and to which the 
ingenuity of man is most frequently directed : thus, steam may 
be the motive power in two different machines, but one may be a 
reciprocating, and the other shall be a rotatory engine. And 3rd, 
the machinery yirhich absolutely performs the operation required, 
by which the object is attained, the motion being conveyed to it by 
that division of the engine last described : thus, in a steam-engine 
for pumping water, the pumping apparatus would represent it. 

Mr. Murdoch, Mr. D. Gordon, and others, have made various 
experiments with highly compressed air, with a view of making 

o 
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its powur of expansion uvailablo, miJ using it as a prime mover 
instead of steam. Mr M. I. Brunei tilso obtained a patent for 
certain mechflnical amuigeinents for obtaining power from certain 
fluids, and for applying the same to 
various useful purposes, and he gave 
the preference to carbonic acid gas;.. 
but tbe high pressure at which hia c 
gine was obliged to work, viz., 30 a 
mospheres, formed a great dif&cultyj 
and he could not keep it sound and fre 
from leakage. It has also been iina< 
gincd by some, that electro -magnetin 

I some day compete with Bteam as 4 
motive power. 

Engine -House, the house or sbeJ 
I erected over and about a Bteam-engi 
which is constructed to suit the puivi 
po.i»of..me. 

Eniiockment, a term applied lo ih« 
stone idling upon breakwaters, and thai 
banks of rivers, underneath quays or 
harbours. &,c. It consists of large mas- 
ses of broken stones fJirown ii 
I dom, and of sufficient size to resist th( 
J current. 

EsTUAEV, an arm of the sea. 

Excavation, a term referring lo a.1 
cutting through the earth, when con--| 
atnicted on the surface. The methoc 
formerly adopted of farming an excsir^ 
vation, was by working at the face, a 
bringing the soil out in lifts, but it i 
not followed at the present time i 
extensive works, particularly wherofl 
lime is an object, the plan of runnii^ 
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a gullet through at once being mostly practised, and the soil is 
thrown down into the waggons from above : in removing the earth 
it is frequently dug out from beneath, when wedges and spikes are 
employed in falling it from above. 

A line of railway, or canal, should be laid out in such a manner 
that the cubic contents of the cuttings should be of similar amount 
to the earth required for the embankments. — See Earth-work and 
Embankment, 

Expansive Engine, a steam-engine in which the expansive 
power of the steam is taken advantage of and employed, instead 
of being dismissed at full power into the air or condenser, as 
the case may be. Mr. Watt availed himself of it, by cutting oflf 
the steam before the end of the stroke, which was finished by the 
power of expansion of the steam that was let into the cylinder. 
There are also engines in which two steam cylinders and pistons 
are employed, both of these being connected to the same beam ; 
in one the steam works at full force, and is afterwards discharged 
into the other, which is of a larger size, where it acts a second 
time by its exp.ansive force : this plan was first practised by Mr. 
Hornblower, and it succeeded very well; but the engine was 
rendered more complex and expensive. Mr. Woolf also em- 
ployed the same plan, but with high pressure steam, together with 
a condenser ; and engines of this description are yet used in some 
parts of the kingdom 

Face of a Stone, that part of a stone forming the front or 
vertical face. 

Facing (in hydraulic earth-work), a layer of common mate- 
rial or soil, laid aver the lining or puddle, and upon the 
bottom and sloping sides of a canal or reservoir. The facing is 
useful at the period of execution, as it retains the puddle in its 
proper position during the working in ; and it also affords a 
protection from the pole hooks of the bargemen afler the works 
are completed. 

Fanner, a contrivance of vanes or flat discs revolving round a 
centre for the purpose of creating a draught, by producing- a 
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current of air . This principle lias been applied to some loco- 
ttiolives in place of the blaal-pipe ; as lo the "Novelty," by 
Messrs. Bmithwaitc and lirickson, which competed for the pre- 
mium at the opening of the Liverpool and Manchester Railway, 
and to Mr. Hancock's patent road locomotive. 

Falling Sluices, a certain description of flood-gates in 
connection with mill-dams, rivers, canals, &c., and which are 
self-acting, or contrived to fall down of themselves, in the event 
of a flood, whereby the water-way is enlarged. 

Fathom, a measure of vertical distances, and employed in 
marine and mining operiitions, comprising a depth ofG feet. 

Feather-Edged, a term referring to any wrought substance^ i 
in which the work is materially reduced in thickness towi 



)stancei^^ 
towordl^H 

seders 

direc^^l 

ished^l 



Feeder (sometiRies called a carriage or catch drain), 
applied to a small canal, cut, or channel, by which a stream or 
supply of water is conveyed for the use of a canal; feeders 
either convey the water into the reaches, or take it direct 
to the reservoir at the summit level, and are usually fumishc 
with sluices and waste weirs, like ordinary canals. 

Feed Pipe (of a steam-engine), the pipe employed for con- 
veying the water to the boiler. The feed pipes of land engines are 
usually supplied by a cistern situated above the boiler, operating 
by the weight of the wafer, but in locomotive and other higli 
pressure engines, the boiler is supplied by a force pump worked 
by the engine, and acting against the force of the steam. 

Feed Pump, the force pump employed in supplying the boilei 
of Bte am -engines with water. — See Feed Pipe. 

Felloes, the covered pieces of wood forming the ci; 
ference of the wheel of a carriage, which is generally made 
or eight pieces, placed end to end, into which the spokes a 
serted — See Wheels, SfC. 

Felt, a fabric of hair and wool worked into a firm texture, a 
much employed upon railways ; a piece of it is cut into thf 
same shape as the seat of the chairs, and introduced betwt 



r^' 



FENCING— FENDER. 



101 



under side of the same and the upper surface of the blocks, to 
secure a firm hold, being previously well soaked in tar. 

Fencing, a system of enclosure for the protection of roads, 
railways, and other works. The fencing upon railways should be 
situated upon the top of the mound formed from the excavation 
of the ditches, and the water collected in the latter should be 
properly diverted into the adjacent water- courses, and it should 
consist of good oak or larch posts, placed about 9 feet apart, and 
3^ feet from the surface of the bank, with a scantling of 5 inches 
by 3J inches, the posts which go below the ground being well 
charred ; the rails should have a scantling of 3^ inches by 1^ 
inches or 2 inches, with a prick-post or stay, to support them 
between the posts, 5 feet long and 3 inches by 1^ inches; the 
joining of the rails and posts should be secured by iron hooping, 
some strong iron wires should be filled in next the ground in 
grazing lands, and quicks may be planted on the slopes of the 
mound. The total cost of fencing of this description will gene- 
rally be about four or five shillings per running yard, including both 
sides of the line. Stone is also sometimes employed as fencing 
in localities where it is plentiful and adjacent to the line. The 
accompanying cut represents the fencing used on the London and 
Birmingham Railway. 




iiiii' 

ElcTation. Section. 

A, shows the slope when in Embankment. B, shows the slope when In Ezeavation. 

Fender, or Fender Piles, the timbers placed in front of a 
quay wall, or other work, to protect it from injuries by vessels. — 
See Quay, 



IU3 FERRY— FLOATING BRIDGE. 

Febrv, the method comoaonly employei] of crossing rivers 
previous to the general iiilroduction of bridges; the sites of most 
of the river bridges of the present time were formerly occupied 
by ferries. 

FiBLD-BooK (levelling). — See Levelling. 

Field-Boos (surveying). — See Surveying. 

Filling, or Filling in. — Sec Embankment. 

Fished Beam, a beam bellying on tbe underside. 

Fixed Engine (railway). — See Stationary Engine. 

Flanche, or Flange, a projecting piece, or table, 
forming part of an iron girder or framework ; the flanges 
of one casting are generally placed flat against those of 
another, and holes are drilled through each for the pc 
sage of bolts, whereby they are secured together. 

Flank "Walls, the wing or return walls of a bridge or look. 

Flashes (upon navigable rivers), a description of t 
erected for the purpose of raising the water over any shoola while 
craft are passing. 

Float, or Wateh Gauge, a body partially suspended and 
partly floating upon the surface of the water in steam boilers, 
being usually a piece of Yorkshire paving-stone ; and employe^ 
to regulate the supply of water to the boiler by operating u 
tbe valve at the top of the feed-pipe, and the water is kept i 
the same constant height through its agency. The height « 
water in the boilers of locomotivea and marine engines, i 
tained by means of gauge-cocks and glass tubes, as floats will onl^ 
act with stationary boilers. Gauge-cocka are also becoming 
much used lor land engines. — See Boiler. 

Float-Boards, the boards fixed to undershot water-wheels ti 
receive the fulling stream, and to paddle-wheels, being the meal 
whereby they act. 

Floating Bbidoe, a certain description of steam-vessel, en 
ployed for ferrying passengers and goods across rivers, and t 
like. 

The Torpoint Floating Bridge, by Mr, llendell, is one of ti 
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last built, and consists of a large flat-bottomed vessel, of a width 
nearly equal to its length, the engines being situated in the centre. 
Drawbridges are fixed at each end, by which carriages may be run 
on board by the horses, and the leaves are slightly raised during 
the passage, forming a sort of oarrier. The bridge is guided by 
two chains laid across the bottom of the river, and secured upon 
each side to counterbalancing weights placed in deep wells, and 
they rise and fall according to the strain upon the chains, which 
are, therefore, never so tight as to interrupt the navigation, or 
so loose as to allow the bridge to make leeway and miss the 
landing-place: they also pass over guide-wheels fixed at each 
end of the vessel. The scheme has been found to answer well, 
there being two bridges employed at the same site, running 
alternately each for the space of one month. 

Floating Clough, a moveable dam, or machine, used for 
scouring out channels or inlets. It is constructed of timber, 
and upon being floated to the required spot, is sunk, the flaps 
connected with it are then let down upon the banks on each 
side, an iron scraper being fixed thereto ; its action is eflected 
by the force of the tide, which pushes it along, when it clears 
away all obstructions in its course, and the action of the tide is 
afterwards employed to bring it up again. 

Floating Habbour, a breakwater, composed of large masses 
of timber, anchored and chained together in certain positions, 
which rise and fall with the tide. The same principle has also 
been applied to the piers of marine erections. 

Flood, or Tide-Gates, or Sluices, the gates employed in 
the admission of water from the sea or from a river, as the 
tide rises, &c. 

Fly, or Fly Wheel, a heavy wheel employed in machines 
for equalizing the motion and increasing the eflect, revolving 
upon an axle, after the same principle as a counterbalancing 
weight. 

The fly-wheels of steam-engines are of large diameter, and are 
used to conduct the motion round the dead points, or such parts 
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whore the crank has the least effect; and tUey ure only smtable 
in sttttionary engines, on account of the inconvenience that wouid 
(irise Trom their great size uuil 
weight ; it is therefore customary, 
in motive engines, both those of 
land and of water, lo employ two 
engines, or rather cylinders, as they, 
are each supplied from the same 
boiler, and one piston is employed 
in full force wliile the other is pass- 
ing the centre, whereby they mutu- 
ally assist each other i thus, when 
one has finished its upward motion and ia upon the turn 
downwards, the crank connected with it has a tendency to 
stick on the top, and just at that moment the crank of the other 
is in full play upwards, so that a continuous and nearly uniform 
motion is consequently attained ; and engines so constructed are 
called reeiproeating engines, the cylinders being placed 
tical position in marine engines, and laid horizontally in modi 
locomotives. A rotatory engine is the only one that can gi' 
a uniform rotatory motion, us the course of the cranks in 
former kind occasions an unequal motion, which may be readi 
perceived and sensibly felt, particularly in motive engines. 

Footings (of walls), the projecting courses of stones or bricks 
at the bottom of all walls, which are laid for the purpose of resting 
the buildings Urmly upon its base, and as a precaution againal. 
partial settling or sinking. 

FoHESHOKB. — See Breakwater. 

FouNHATiON, the superstructure upon which all erections 
depending entirely upon the nature of the bottom, orsubsoil. In 
the case of good firm ground, as rock, hard clay, or gravel, very 
littleatten'ionisrequired, except to test the structure upon it square 
and regular throughout ; when the soil is of a loose or yielding 
nature — as soft clay, common earth, or boggy earth — recourse 
must be had to artificial means of consolidating it. York lant 
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^, bIso timber sleepers and pUnkirg, 
tare formerly very generally employed 
1 the foundations of lai^e buildings, 
Igetlier with strong chain-bocd laid 
footings of the walls, bul con- 
s The favounle expedient re- 
IDrted to in the present day, upon ; 
ibich the footings are laid, and ihe 
mils corned up 

I It 13 generally necessary to drive a 
sheep pdes next the foundations 
r walls adjoining the sea, or rivers, 
jbd marshy soils, &c , to keep the 
hter off, and prevent any lateral ^ 
Jelding of the soil below Ihe foun- ^ 
ktions, the space between the piles 
?ell puddled in , and m veiy 
larshy, or watery ground, the whole 
hperfltructure la obliged to be con- 
a timber platform, supported 
Y piles and sleepers. The accompa- 
; cut represents the foundation of 
Bie of the piers of Staines Bridge. 
w FoDK-WAY Cock (in steam-engines), 
I description of valve much used for 
casing the steam to the cyhnder; it 
i invented by Leopold in about the 
tear 1720. The accompanying sketch 
IbowB a vertical section of it. A, is the 
jommunicalion with the steam-pipe ; 
B, the passage to the upper end of the 
(ylinder ; and C, that to the lower end : 
) being the passage to the condenser, 

; escape into the air, as tlie casi 
hlming the plug or centre a quarter of 





may be. By merely 
revolution, the action 
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U reversed, and the steam, Instead of 
entering the lower part of the cylinder, 
will be on ila passage to the upper one, 
and that lost received into it will be 
escaping at O. 

Free-stone. — See Sandstone. 

Friction, the obstruction or resistance 
offered by the rubbing of the several parts 

of an engine or machine against each other, upon the apph 
cation of the force necessary to put the same into action, by 
reason of which a great part of their power la lost, and the se\ eral 
parts of the machinery become worn and defective. 

It arises from various causes, such as the roughness, inequality, 
or imperfection of the opposing surfaces, and from the interposi- 
tion of dust, moisture, &c., between them; also from the action QJ'J 
gravity, and the adhesion of the several parts together : i 
degree of friction is also regulated by the amount of rubbing sui 
faces in contact. 

As it is highly necessary to reduce the friction of engines to i 
small an amount as possible, they should therefore be construct^ 
with as little rubbing surface as 'practicable, and oils or o 
unctious substances introduced betiveen the parts in contact. 

The resistance arising from the surface of roads has been con- 1 
siderably reduced of late years ; the substitution of a rolling mo- 
tion, as the motion of carriage wheels, for a sliding one, as that of 
a sledge, was found to reduce the friction very considerably at the _ 
period of its introduction ; but the foremost plan ibr effecting thd^ 
same is by means of iron railways, laid along a road prepared it 
receive them ; tramways and pavcdways may also be mentioned^ 
and the many excellent common roads recently constniote 
throughout the kingdom; the carriages employed respective^ 
upon each, have also received many important modifications. 

The friction or resistance of the wheels of carriages a 
from the friction of attrition, or the pressure of the bearings up< 
the axles supporting them, as in roadway carriages, or that of tl 
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axles against the bearings resting upon them^ which support the 
carriage, as in railway carriages ; and, secondly, from the rolling 
friction, or the resistance offered to the revolution of the wheels 
by the roadway, the amount of which depends principally upon 
the degree of smoothness and hardness of the surface over which 
the wheels are run ; and the resistance of the road being so much 
reduced on railways, that presented by the axle of the carriage 
consequently forms by far the greater portion: it is, therefore, 
very important to keep up a constant supply of lubricating matter, 
in order to reduce it as much as possible, as before described. 
Oil imguents are best for light weights, a thicker composition 
being used for heavy machinery. 

The resistance of a good level railway to the peripheries of the 
carriage wheels does not exceed 1000th part of the insistent 
weight, while upon common roads the average is about the 25th 
part of the same, or 40 times that of the railway; but the friction 
of the axle is much the same with both roadway and railway car- 
riages, depending upon the degree of accuracy of the model. 

The following shows the result of Mr. MacneilFs experiments 
to determine the proportion of friction due to the road, and to the 
axled of reading carriages : — 



Weight of 

WRffgon and load 

in poondi. 


Power required 
to draw the 
waggon. 


Reiiitanceofthe 

azlei. 


Reiiitance of the 
■urface. 


2240 


31.0 


lo':U^^-« 


7.4 


2800 


52.0 


\m^- 


22.5 


3360 


70.0 


isig}'*-* 


34.6 


3920 


91.0 


•* 


49.7 



At an early stage of railroad communication, the chairs, or 
bearings resting upon the axles, were made very narrow, under an 
erroneous idea of reducing the friction, being only 1| inches in 
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length, and less tlian tbe diameter of the axles in breadth ; but 
they are noiv made ii ini.'iies long aiid upwards. Brass bearings 
present the least friction ; but as they are usually forraed narrower, 
nothing is gained in Lliis respect by them. The b( 
bIbo formerly situated upon the inner side of the wheels ; but ths 
are now placed on the outside, and tbe stage or frame-nork 
the waggon is elevated above the wheels, projecting beyond them 
on each side t the wheels are thus protected by the bearings, 
which are also made very strong ; and, as tbe ends of the axles 
not required to be as large in diameter as the middle porti 
friction is consequently reduced, compared with bearings 
inner side of the wheels — (an axle 3| inches diameter need not 
above 2 inches on the outside of the wheels). The 
provemenls in carriages and carriage wheels have also tend( 
to reduce the amount of friction. 

Mr. Wood, after numerous experiments on the '' friction 
carriages," comes to the following conclusion, viz, :— 

" That in practice we may consider the friction of carriages, 
moved along railways, as an uniform and constantly retarding 
force, both with respect to velocity and weight. 

" That there is a certain area of bearing- surface compared wi 
the insistent weight, and the friction is in strict ratio with 11 
weight." 

The area of bearing- surface in the axles of carriages, eal* 
culated to give the minimum of friction, he found to be 1 inch 
every 98 ft), of the insistent weight. Mr. Peter Lecount, 
work on Railways, slates, that this should not exceed 90 ft. per 
square inch, nor the length of bearing much leas than twice the 
diameter of the axles. 

The total amount of friction upon a railway depends upon tl 
weight of the carriages, or the weight contained within 
is in the same proportion that the amount of rubbing action bei 
to the weight ; and, taking all contingencies, it may be general) 
considered to average about ^Jjth part of the weight of the loi 
or y lb. per (on ; i. e. a weight of 9 ft., hung over a pulley, 
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draw one ton: thus a train, weighing 55 tons, will require a 
power of draught equal to 495 ft. to convey the same upon a 
level ; but; it varies according to circumstances. The friction is 
much increased where ropes, attached to a fixed engine, are used 
to conduct the trains, when it bears different proportions to the 
load, according to the diameter of the axles and peripheries of 
the running sheaves or friction-rollers on which the ropes runs. 
Mr. Walker, C. E., in his Report to the Directors of the Liverpool 
and Manchester Railway, in 1829, takes the friction of the ropes 
at ^^nd part of their weight ; but it is considerably increased by 
bad weather. Messrs. R. Stephenson and J. Locke, in their jeply 
to same, state it at -17th. 

The comparative resistance upon different descriptions of roads, 
may be classed as follows : — 

Per ton. Part of the loaxL 

On the best wrought-iron edge rails 8J to 9ib ^H ^o rir 

On common ditto, in bad repair . . 14 y^^ 

On the best cast-iron tram-rails, when 

newly laid down and swept clean . . 12 y|y 

On common ditto, in a dusty state 25 ^^^ 

On the old wooden railways . . 30 yy 

On well made pavement ... 33 ^^t 

On a broken stone road, upon a rough 

pavement bottom . . . 46 ♦ ;rV 

On a broken stone surface upon a bot- 
toming of concrete, formed of Parker's 

cement and gravel . . . 46 * ^^y 

On a broken stone surface, laid on an 

old flint road . . G^ * tj 

On a gravel road .... 147 * ^ 

* These are according to Mr. Macneill's experiments; but 
the carriage employed not having been of good construction they 
may be taken at much less, particularly the friction of pavement : 
indeed it is questionable whether a pavedway, newly laid and 
swept clean, would amount to above half that stated. 



that wbile the surface Tric- 
much reduced, scarce any 
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It is a in gull 
tion hiis been 
attempts have been made to reduce the fric- 
tion of the Bxles of the carriages. Mr. Coh 
patent anti-friclion railway carriag'es 
tainly form an exception, and are worthy tl 
consideration of the profession. The 
J ning wiieela have anti-friction wheels be 
f upon their asles, and these wheels agi 
^ have smaller anti-friction wheels bearin§ 
I upon them in a similar manner ; the axles □ 

1 the upper ones are fixed, and do not reyolw 
^ witli the wheels, but the middle and lowi 
* axles, with their boxes, or collars, work c 

2 and down in n groove of the i'raraework a 
i the carriage, and the whole weight of thM 
^ load and frame is borne off by the i 

friction wheels. Mr. Coles states, that they' 
would reduce the friction at least -^ths, aitd| 
consequently effect an immense saving i 
propelling power, also wear and tear, ; 
lubricating matter. 

Feictiqn Roll eh. — See Sheave. 

Fuel (in reference to steam-engines), th* 

material employed in converting water i 

eteam. Those substances which receive 

and retain heat until wholly or partia 

consumed, are the most suitable for steamf 

i engines, provided they emit neither s 

c nor deleterious efBuvia. Coal is the fuell 

mostly used for ordinary engines ; but coke isl 

generally employed in locomotives at tha^ 

, present time, as it is particularly wetf 

I adapted for them, it is preferable to coal i 

many respects ; although the latter is yet 
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employed upon some of the colliery lines in the North of 
England, as the Leicester and Swanington Railway. Coke also 
packs well, and, being of a light substance, the air from the 
fire-grate passes through it freely ; neither does any smoke 
arise from its combustion, which forms so great an objection 
with coal. 

The coke used upon the London and Birmingham Railway is 
made upon the works, and consists nearly of pure carbon. The 
coke obtained from gas-works is objectionable, as it contains but 
a very small portion of carbon, and a considerable quantity of 
sulphur, which is very destructive to the metal of the boiler ; coal 
also possesses the same injurious property, and this likewise forms 
a considerable objection with peat fuel : anthracite coal, or stone 
coal, although it is composed of nearly pure carbon, and produces 
neither flame nor smoke, is not well adapted for locomotives 
on account of its density, the draught of air through the fire-box 
being of the utmost importance to the power of the engine. — 
See Locomotive-Engine and Steam- Engine. 

Gable. — See Roof. 

Gallery, the term given to a certain description of under- 
ground excavaiSon ; thus coal-mines are worked in galleries or 
levels, and tunnels are sometimes worked by horizontal shafls, 
which are called galleries (the vertical being generally em- 
ployed). A tunnel is projected through the cliffs at Dover, 
upon the South Eastern Railway, which is being formed by this 
method, and the galleries are intended to be left open for light 
and ventilation. 

Gasometer. — See Gas-works. 

Gas-works, the buildings in which gas is manufactured. 

The introduction of coal gas for the lighting of towns and 
cities is of very modem date, although it is probable that the 
discovery was known for some considerable time previous. Mr. 
Murdock was the first who conceived the use of coal gas as a 
means of affording light by night ; and he accordingly fitted up 
his house and offices, at Redruth, Cornwall, with it, in the year 



1792 ; and, eubsequently, his residence in Ayrshire : he also par- 
tially lighted the manufaclory of Messrs. Boulton and Wait, near 
Birmingham, in the year 1798 ; and upon a public illumination, 
in 1802, it was exhibited at the Soho, and succeeded so well 
that public attention was drawn to the Biibject; and a conipany 
was formed, in 1804, for the purpose of manufacturing it, called 
the " National Light and Heat Company." Their first essay 
was made in Pall-mall, in the year 1807; which was for some 
years the only street lighted with it. But while gas was struggling 
with public prejudice in the metropolis, it was making great way 
in the provinces ; and at length, in consequence of the s 
attending it, the old oil lights became abolished as public Ughlsij 
throughout most parts of the kingdom. 

The manufacture of gas is conducted in large buildings e 
for that purpose : the coal from which the gaa is to be obtained 
being placed in iron vessels, termed retorts, of which a great n 
are employed; and a large building is appropriated for them, called 
the Tstort house. The retorts are usually of a shape, thus- 
Cylindrical retorts were originally used, and i 
the present time in some manufactories; they are laid horizon-l 
tally in ovens, in groups of 5, 6, or 7 together, the furnaces being 
placed beneath ; the mouth of each projects out from the oven, 
and a cover is screwed over it, air-tight, after the introduction ot 
the coals ; the gas is conducted by pipes from the retorts to t! 
liydi'aulic main situated above them ; the latter is also pla< 
horizontally, and is generally half-full of the tar and water ert 
cuated from the gas ; the pipes from the retorts dip a few ii 
into the tar, by which all return of gas is cut off; the gas th^ 
passes through condensers, which consists of a quantity of i; 
tubes, placed vertically and bent in a serpentine form, and at t 
lower part of each turn syphon-pipes are fixed, by which t 
deposited matter is drawn off: these pipes are sometimes place 
in cold water to cause a more rapid evacuation, whence the name 
condenser was given to them. Upon the gas being cleansed from 
all palpable and visible impurities, those of a more latent naturaj 
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Iiave to be removed, viz. the sulphureted hydrogen, which is 
produced from the Eulphureous substances coDtained in the coal, 
which is of a most injurious nature ; this is effected by the inter- 
position of lime, which possesses the property of abstracting it 
from such a combination, and it is performed in vessels termed 
purifiers, in which there is a quantity of lime mised with water, 
to a sort of semifluid state, through which the gas is driven, and 
ihence passes out, thoroughly purified ; the lime is kept in a 
proper state of mixture, and prevented settling by an agitator) of 
somewhat the shape of a roller, pluced horizontally and kept 
turning round by a steam-engine, or other power : and several 
purifiers are employed, through all of which the gas passes in suc- 
cession. The renewal of lime takes place continually, as a certain 
quantity of lime will only purify a certain quantity of gas ; the 
gas from common coal requires a quantity of lime equal in weight 
to ^th that of the coal from which it is produced, and with the 
best coal Jrd of the quantity is sufficient. 

The gas is from thence passed into a large vessel, termed a 
gasometer, from whence the main pipes are supplied; it is of a 
cylindrical form, covered at the top and open at the bottom, and 
is placed in a pit, or tank, filled with water ; friction- rollers are 
fixed upon the top edge, upon the inner sides of which the gaso- 
meter slides up and down, being suspended by a chain fixed at 
the top, where a pulley is situated ; the chain then passes over 
another pulley at the side, and the lower end is attached to a 
weight. These chains are unnecessary in larg;e gasometers, as 
Iheir weight is not increased in the same proportion as their 
capacities; thus a large gasometer will remain suspended of 
itself; if very large, it will require a weight to keep it down. 
There are two pipes at the bottom of the tank, through one of 
which the gas enters, and through the other departs, for the sup- 
ply of the main pipes. There are gasometers capable of holding 
the immense quantity of 60,000 cubic feet of gas ; and there are 
sometimes as many as twenty of Ihem connected with a gas-work. 
Upon the gas being turned on into the pipe for the supply of the 
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city, the gasometer begins to sink, and the pressure exerted is 
at the same moment throughout an extent of many miles. 

Jt is customary, in most works, to measure the goa as it pas 
into the gasometer, which is effected by a very ingenious instru 
tnent, termed a meter. The flow of gas in the pipes- is required 
to be steady and regular, and proportioned to the number 
lamps burning ; and accordingly as that number is increased 
dimmished at certain times of the night, so must the supply 
adapted. There are men employed at the works during the 
night to regulate it, and who are informed of the stale of the 
consumption, by pressure gauges comiected with the 
A self- regulator, called a governor, is employed at some i 
blishmenta for a similar purpose. 

The pipes are of various sizes, and are formed of i 
iron, and generally made with a socket at one end only, 
small end of one pipe being inserted into the socket end 
another, and the joints are finished by molten lead. The 
connected with the gaaometere are about 18 inches diameter, tl 
pipes are laid as nearly straight as circumstances will admit 
with a slight fall, and all deposits are collected from time t< 
time, and removed. A pipe, 1 inch in diameter, affords a ligl 
equal to 100 mould candles of six to the pound. 

A gas obtained from oil has also been employed for the pur- 
pose of lighting towns, &c., which affords a stronger light than coal 
gaa, but it is considered more expensive, and therefore not much 
used ; the necessary process, however, is much less complicated. 

Gates (of locks and sluices). — See Lock-gates. 

Gauge-Cocks, the cocks usually connected with the boilers 
of steam-engines, for the purpose of ascertaining the height ot^ 
water in the boilers, and which are always used with motive-] 
engines :3glasa tubes are also sometimes employed for the st 
purpose, and floats are commonly used for regulating the supp] 
of water to tbe boilers of fixed engines. 

Gauge of Way (os applied to railways), the width in the olei 
between the lop flanches or rounded rims of (he rails. 
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the practical working of railways, to keep standard 
m gauges, from which all those employed on the line should be 
made ; viz., one of the width between the rails, and another of the 
space between them. 

The gauge of way generally employed and that adopted on the 

London and Birmingham, Grand Junction, and other great lines of 

way, is 4 feet 8| inches ; but it is made 7 feet on tlie Great 

Western. The Irish Railway Commissioners recommend 6 feet 

inches ; and some of the Scotch railways are laid at 5 feet 

B inches. 

Gearing, a series of toothed wheels for conducting motions in 

machinery generally. There are two sorts of gearing in common 

use, viz. spur gear, and bevelled gear 

(sometimes called conical wheels). 

The former consists of teeth i 

ranged round either the concave 

convex surface of a cyliader, in t 

direction of radii from the 

centre of the wheel, and are oC 

requal depth throughout ; but 

ii bevelled gear the teeth are 

placed upon the exterior peri- 

■|ihery of a conical wheel, a^ 

X towards the apex of the 

peone, iu which direction they 

e gradually diminished. 

Gibs, pieces of iron used 

in connection with kej's. — See 

\JKey, Cottar, or Cotirel. 

GiHDEE, the name given to both timber and iron beams when 
aating upon walls or piera at each end, and employed for the 
nirpoae of supporting a superstructure or any superincumbent 
freight, as a wall, floor, or the roadway of a bridge, &c. A gir- 
Br, employed to carry the superincumbent part of an external 
all, is also known by the name of a bressummer, and is gene- 
iTftUy rested upon onk posts. 




Wben a beam le loaded beyond its propei limits, it continually 
yields to the load, although slowly, until at length it breaks ; and 
if the load approaches very near to the breaking weight, the time 
occupied will not be veiy considerable. Buflbn stntea, that a 
beam should not be loaded with more than Jrd of the weight 
which would be required to break it. The strength of beams is 
OB the square of their depths, as proved by some experiments by 
Mr. Fairbum, who placed three cast-iron beams, of No. 2, Carron 
iron, upon supporfs, having bearings of 4 feet 6 inches; they 
were each 1 inch broad, and 1, 3, and 5 inches deep respectively, 
and which broke with 4521b., 3,8431li., and 10,050fl). weight 
respectively, which is very nearly in the proportion of 1, 9, and 25. 
A girder will bear 3J times more weight when placed with the 
table downwards, as X- than when it is placed upwards, thus, T 

As girders of sufficient scantling to span lengths of from 24 to 
SOfeet, and upwards, are difficult to be procured, it is customarjri 
to apply trusses to such, when they are called trussed girders. It 
is supposed by some engineers, that merely sawing a beam in two, 
lengthways, and bolting the pieces together in a diiferent relative 
situation to what they were previously, adds much to its strength ; 
in other cases wrought-iron truss bolts are placed between them, 
by which either iron or oak struts are made available to strengthen 
the beam, and prevent its sagging, jr bending in the middle.— 
See Cats. 
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The term built beam is applied by some writers to a beam coin-| 
posed of several pieces — aa the one r 
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Gland, or Collar. — See Collar. 
Gneiss. — See Granite. 

GovEBNOB, or Conical Pendulum, the contrivance connected 
with some machineH for regulating their 
motion. 

The steam governor consists of an upright _ 
spindle, which is put in motion by the e 
gine, and from which two balls are sus- 
pended by rods -, tbese partake of the motion 
of the spindle, and the balls fly off from it, 
accordingly as it is rapid or slow, by reason 
of the centrifugal force, in consequence of 
which the upper portion of the contrivance 
is either elevated or depressed, which operates 
upon the throttle- valve, and regulates the 
supply of steam to the cylinders; thus, if the" 
engine is going too fast, the governor checks ti>« si^™ fc""»". 
it, by partly closing the throttle -valve ; but if too slow they fall 
down, and allow more steam to pass, 
^^v The governor was first applied to the steam-engine by Mr. 
^^Hl^att, although it had been in use for other machines sometime 
^^Bktevious; aa to water-mills and wind-milts, the governors of 
^^Hvhich may be described generally as acting upon a similar pnn- 
^^Hiiplc. — See Steam-Engine. 

^^V Ghadient, a term indicative of the proportionate ascent or 
I descent of the several planes upon a railway ; thus, an inclined 
plane, 4 miles long, with a tolal fall of 36 feet, is described aa 
having a gradient of 1 in 58fijrds, or 9 feet per mile. These 
slopes are also called by the general name o{ ffradtenls ; although 
the difference between a gradient and an inclined plane is not 
very clear; the former is, however, understood to allude to a 
slope of small inclination only, while the latter refers to a 
steep one. 

Clivity is a more appropriate term than gradient, as suggested 
f Mr, Macneill ; and its derivations, accliviti/ and declivity, are 
bery comprehensive and significant. 
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The following Table of Grudienia, by Mr. C, Boi 
may be found useful : — 
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Granite, a very hard durable Bilecious stone, and one mucl 
usedforengineeringpurposeB;the essential ingredients of which an 
felspar, quartz, and mica, which are scattered irregularly through 
out it : gneiss is composed of similar particles, but disposed i\ 
beds. Grey granite is more generally employed than red, on i 
count of the difficulty of working the latter, from ila exoessi 
hardness. Aberdeen granite is considered superior to Uiat 
Cornwall, as it abounds more with quartz ; the latter has mi 
felspar in its composition. 

Graving Dock. — See Dock. 

Gravity (as applied to railways), a term referring to 1 
extra weight acquired by a train of carriages when upon planes no 
perfectly level or horizontal; or, in other words, to the downwan 
pressure, which force is in proportion to the clivity of the plai 

If the train is proceeding up the plane, great additional powa 
e the gravity compared with that requirec 
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x>s the level portions of the line, particularly if the same degree 

r velocity is to be maintained. Upon a plane 1 in 50, the re- 

3 by graii-ity is 44.80tb per Ion ; and upon 1 in 90 it is 

51-83 S>, per ton, which, on a train of GO tons gross, amounts to 

■1493 lb,, and is sufficient force to propel a train amounting to 186 

R tons upon a level; if, on the contrary, the train is descending 

I'lfae plane, the gravity assists tiiem. 

It is customary to shut oif the steam of an engine in descending 
teep planes, the gravity being sufficient to propel the train, and 
I moreover checked by the brake accordingly as may be 
[e quired. — See Inclined Plane. 

Grillage, a term applied to the sleepers and cross beams 
supporting a platform, upon which some erections are carried up, 
as piers, in the case of marshy or watery soils, whereby an equal 
bearing is given to the foundation. In the event of day being 
employed as a grillage, instead of timber, it should be 4 or 5 feet 
in substance, and spread in layers, and well rammed in between 
the heads of the piles. 

Groin, a frame-work usually of wood, and constructed across 
I a beach between high and low water-mark, and perpendicular to 
Kibe general line of same, for the purpose of retaining the shingle 
Iready accumulated on the spot, or to obtain more from the sea : 
•ley uBuaUy consist of piles and planking, land-ties, &c. 
1 Geoined Arch, an arch cutting across another arch in a 
^nnsverse direction ; the point of juncture being termed a groin. 
I has been said that the groined arch is the most stable of all 
tchea, and, therefore, capable of being executed with a very 
se, provided the abutments are sufficiently strong to sup- 
port it; yet groined arches are but seldom used in modern works, 
whilst the cylindrical appear to have been carried almost to as 
great an extent as practicable. — See Arch. 

Gkouting, a description of mortar used in brick and stoile- 
Work, composed of quick lime and a portion of line sand, em- 
doyed in a thin liquid state ; it is poured into the upper beds 
kiid internal joints of the work, 
Brickwork should be well grouted every four courses. 
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Gudgeon, tlie term applied to the extremity of a horizoutiO 
shaft or axle, when it turns in a collar. U is customary to 
make the gudgeons of smaller diameter than the other portions 
of the ehofl, for the purpoiK of reducing the friotion as much as 
possible. 

Gullies, a terra sometimes applied to iron tram-plates or rails. 

Gptteb, a trough for carrying off the water from any works. 
The trenches dug for the reception of puddling are ulso termed 
gulters, which are usually formed about 2 or 3 feet in iKickness, 
and wider at the bottom than at the top. — See Canal, 

Hacking (in walling), nn objectionable plan, practised by 
workmen, when one of the couraea of a wall t 
not be carried up of equal depth tlirougbout its 
length for the want of stones sui&ciently large for 
same. The hacking consists in dividing the remain 
ing portion into two courses ; the end stones (A, i 
cut), being frequently notched to rece 
courses. 

Half-Tide Dock, a basin connecting two or more docks, 
communicating with the entrance basin. 

Habbour, or Haven, the name applied generally, to a por^ 
or to the entrance of a port, where vessels may lay at anchol 
sheltered from storms. 

It is highly necessary that harbours should possess a good e 
trance, consisting of firm ground, free from rocks, so that a a 
may not be liable to founder, also of width and depth of water 
sufficient to float tbe largest vessels ; if s\irrounded by lofly hills 
and mountains, it is an advantage, as they are then screened from 
the effects of high winds, and when their situation is far inlai 
they are secure of bombardment from the sea. 

The entrances to some ports are formed with good harbours n 
tuTally, but artificial means are obliged to be resorted to, in soi 
cases, to render them safe, by enclosing a certain space from the 
in such a maimer as to form a shelter to the shipping. The k 
consist of two curved arms, called piers or jetties, which are b^ 
in a suitable position to counteract the peculiar local effects of tl 




obsi 
P i noi 

n 

the 

grei 

bo 

to c 



winds, and a^ord a free ingress and egress to vessels at ibe mouth. 
They are also sometimes fonned by tbe building of isolated wallfl, 
called breakwaters, instead of jetties, and likewise by the fixture 
of large miigseB of floating timbers, called floating breakwaters, 
which rise and fall with the tide. 

Harbours are generally furnished with a lighthouse, to direct 
ships ut night, also with numerous buoys, moorings, posts, &c. 

A backisater, or scouring power, is usually connected with the 
entrance of a harbour, and which should be so situated that the 
force may act in the direction of the tidal wave, forming a small 
angle with it, and it should on no account approach a right angle, 
which has the effect of impeding the shingle, us may be frequently 
id, when a bar is soon formed ; and, by the same rule, the 
mouth of a river, crossing a tide wave at right angles, will also 
r; tills principleof action, therefore, should not be over- 
thc construction of harbours and sea embunkments : and 
may be further remarked, that in carrying the necessary works 
on, the commencement should never be opposed to 
the tidal wave, but if possible run in the same direction; and the 
greulest care should be taken that the motion of the shingle 
bo not opposed, but rather diverted, as depositions of it are sure 
to occur unless efficient remedies ore adopted. Shingle has been 
1 to acquire an extent of area equal to nearly 20 square 
in the course of two years, the same being from 5 to 8 feet 
even where there has been a powerful stream of backwater. 
A close investigation of local circumstances is of the utmost 
importance, previous to determining the precise site of a harbour 
— comprising the peculiar features of the coast, the effect and ge- 
nera! action of the tides, and nature of the deposits — since the 
erection of piers a.nd other works must influence the movements 
of the shingle on the beach in some way. — See Backwater and 
holated Harbour. 

Hard, a term signifying a ford or passable place in a river, or 
lonsisting of a hard bottom of gravel, which is supposed, in 
cases, to have been brought there for the purpose ol' fbrmiiig 
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n passage across : they are not oRon met with now, having been 
removed on account of iheir impeding the navigation in dry sea- 
sons, and increasing the floods id wet ones. 

Hatch. — See Lock Gates. 

Head of Water, a term signifying a regular height of 
in any stream or basin, and intended for the supply of mills, foi 
tains, and the like : ibey are usually supported by banks of earth, 
in a similar manner to dams. 

Heading. — See Drift. 

Heading Course (in masonry and brickwork), a course con- 
Bisting of all headers, or stones, bricks, or the like, laid length- 
ways across the whole thickness of a wall. — See Bond and Stretch- 
ing Coursr. 

Headway, a name sometimes applied to the clear height under 
the arches of bridges, tunnels. &c. — Set Arch. 

Hedgehog, a machine for removing mud, silt, &c,, 
rivers and streams. 

It is in shape somewhat similar to a road or garden roller, 
consisting of a wheel revolving on an axle, to which drawing shalta 
are fixed. Timber stocks are projected from the cylinder 
iron spades bolted thereto, which act upon the botlam of 
river, clearing away all obstructions. 

It is generally attached to the stem of a barge which is drai 
by horses ; sometimes the barge is moored, and the machine 
moved backwards and forwards by means of leading blocks and 
chains; mechanical purchase being obtained by means of 
barge. 

Hewn Stone, a term applied to stone when reduced to 
required form, by means of a mallet and chisel only. 

Hioh-Phesbuke, or Non-Conden'sing Engine, 
in whicii the cylinders iire worked by the elastic force of- 
steara alone thoul tUe aid of a vacuum — ^it is consequently' 
ve y great fo r; aud the engine is also light, compact, 
che^p compared with otheia, from the circumstance of the w 
ol tie onde s ng apparatus being dispensed wilh. The 1 
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motive engines in general use are all constructed upon this 
piinciple- 

From the circumstance of the steam of non- condensing engines 
being of such very high pressure, and their great evaporating sur- 
face, the fire is required to be kept at a greater heat than usual 
with other engines ; the repairs, therefore, become exceedingly 
heavy, and their durability comparatively short in comparison 
with the latter. — -See Steam-Engme and Locornoltve Enyttte. 

Hip.— 5m Roof. 

HoAHDiNG, the name given to the wooden boarding enclosing 
any building operations. 

Holl'ow Qdoin (in lock-gates), the re- ^ 

cess made in the walls of locks at each end -^ 

for receiving the gates, which are properly -J 

hollowed out to fit the shape of the quoin 
posts. — See Lock-Gatet. ^\,^ ^ 

HoBSE Path, or Track, the name some- ^"^^> 

times given to the towing-path by the side 
of a canal, or river, where horses are used for towing ; they were 
formerly made only on one side of canals, but are now frequently 
on both, and about 8 or 10 feet wide. 

HOBSB POWBB, the power or force which a horse generally 
exerts, which is compounded of his weight and muscular strength ; 
the weaker and heavier horse will overcome a resistance which 
the stronger and lighter horse cannot, provided the excess of bis 
weight exceed, in the smallest degree, his deficiency in strength. 
A horse drawing in a niill, or machine of any kind, should be 
allowed a track of sufficient diameter to e&ert his power to the 
greatest advantage ; It ought not to be less than 40 feet for full- 
sized horses; and where such an extent cannot be obtained, 
horses of reduced size should be employed, in order to corre- 
spond with the contraction of the track : it has been ascertained 
that a horse loses Jrds of his effective strength when removed 
from a 40 feet track-circle to one of 19 feet ; and a horse works 
to the greatest advantage when the line of draught inclines a 
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little upward to liis Lr^ael, making a small angle lo tlie horizon! 

The amount of force exerted by a horse is generally reckone( 
in mechanical calculations] equal lo 33,000lb., raised 1 foot hi) 
per minute ; and if continued throughout the whole day of 
hours, amounts to 1501b. conveyed a distance of 20 miles, 
speed of 2^ miles an hour : but some engineers consider 125ib, 
sufficient load for an ordinary horse, although, according to Ml 
Bevan's calculations (deduced from the effects produced by 
horses in several different ploughing matches) 160fb., raised at a 
velocity of 2J miles per hour, is the average of their power ; but 
much depends upon the size and muscular strength of the horaea 
employed, and the mode of shoeing, fitting of the collar, line 
draught, and other circumstances 

The power of horses decreases with the velocity of their speed: 
thus, taking 125fe., moved twenty miles a day, at a rate of 2J 
miles an hour, or 2,5001b,, conveyed 1 mile, aa the daily perfc 
ance of a horse (which is the power assigned to a horse by 
Nicholas Wood), and allowing for the fiiction of railway 
riagea at 8 jib. per ton, gives nearly 300 tons, conveyed 1 mile, 
the power of a horse upon a railway. And as the friction of 
stage upon a turnpike road, when loaded, amounts to 
ton (according to Mr. Macneill's experiments), and calculating' 
it to weigh 2 tons, would give 42ib. as the share of each of the 
4 horses, the rate of travelling being about 10 miles an hour ; and 
supposing they average 13 miles per day, which is taking the 
utmost, the total force exerted by each horse, per day, is equal 
to 546H>., conveyed 1 mile : now, applying this force upon a rail- 
way, as in the former instance, reckoning the friction again at 
8Jlb. per ton, gives 64 tons moved 1 mile ; their relative efforts at 
2j miles, and 10 miles, an hour, are, therefore, in the proportion 
of300to64. 

The belief that locomotives will one day compete with hoi 
upon common roads is becoming very general in tfc 
world : how far this is correct time will show ; but the superioril 
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of locomotives over horses, upon railways, is very evident ; yel as 
s necessary tliul the trains upon a railway should stail at cer- 
_taiii fixed periods, whether they have full loads or not, they 
Iponeequontlj become expensive with light ones. 

The followiiiE; Table shows the comparative expense of locomo- 
3a as a motive power upon railways : — 



HORSES. 


LOCOMOTIVE ENGINE. 


s 


'"'^■X.'"" 


...ssi,. 


HUto/ 


"°X.^.'" 


"Sir 




rf. 


d. 




d. 


d. 


2i 


o,!jt; 


l.SSpertoB 

per mile. 


B 


0.375 


1.005 per ton 


4 


0.9 


3.627 per ton 
per mile. 


12 


0.5 


3.5 per ton 
Iicr mile. 


10 . 


id. per pas- 
senger. 

Z.24 per ton 

pec mile. 


Irf.tollper 
passenger, 

l».3rf. perlon 


20 


0.25 per 
pa-wcnger. 

O.JSpecton 


Irf. to IJrf. 

per poawnger. 
12.3? per ton 



The espense of conveying goods by horses, at 2^ niiles an hour, 
B about the same as by locomotives at 12 miles, therefore, where 
speed is of no consequence, horses may be preferred ; as a hotae 
railway can be executed for a much less sum than a locomotive 
line. There are many railways, in the North of England, where 
horses still continue to be used. — See Canal. 

Horse Run (in earthwork), a contrivance for drawing up the 
loaded wheelbarrows from the bottom of deep cuttings for rail- 
ways, docks, &c., by the assistance of a horse, which walks to and 
fro, instead of round, as in a horae gin. The horse runs, em- 
I ployed at the deep chalk cutting at Tring. on the London and 
BtBirmingham Railway, were worked by two horses, the which 
Ipulled a loaded wheelbarrow from the bottom, a roan guiding it 
I up the plank by means of the handles ; and, in descending, he 
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merely attached the rope to the barrow, and the friction of the 
tackle offered sufficient resistance to let him down the plank with 
safety. 

Horsing Block, a square timber framing, used in forming 
excavations for raising the ends of the wheeling planks. 

Hub, a block of wood employed to stop the wheels of car- 
riages, and prevent their progress by gravity, or any acquired 
momentum : they are used upon railways with great advantage. 

Hurries, a term sometimes applied to a timber framing, or 
stage, erected on the quays of harbours, and navigable rivers, and 
at the extremity of railways connected with coal-pits, spouts 
being fixed at the end of the hurries, down which the coals are 
discharged and shot at once into the hold of the ships. 

Hydraulic Engine, the term applied to all machines which 
receive motion from the weight or impulse of water, and to 
engines employed in raising water, &c. 

The term, however, bears more immediate reference to a 
machine, somewhat resembling the steam-engine, in which the 
piston is impelled by a column or head of water, instead of by 
the force of steam. — See Pump, Water-wheel, SfC. 

Hydraulic, or Water Lime, lime which possesses the pro- 
perty of hardening, when used in water operations. A small 
mixture of burnt clay, with the lime, during the process of 
burning, will give it this quality ; also brick, or tile dust, or poz- 
zolano, the latter being very valuable for hydraulic works. 

IcE-BoAT. — A boat employed on canals to break the ice in 
frosty weather ; it is usually heavily laden, and protected by iron 
bows and keel. The improved ice-boat, which forms an inclined 
plane under the ice, and rents it upwards instead of thrusting 
downwards, as in the ordinary boats, has been found very effica- 
cious in practice. A man steers the ice-boat from the towing-path, 
by means of a long shaft attached to a pole projecting over the 
stem. Ice-boats are, however, only applicable when the ice is of 
but little thickness, or to clear it away after a thaw. 

Inclined Plane, one of the mechanical powers or con- 
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Irivanoes by whicii the raising of heavy bodies is much I'actliliUed, 
as a plkne inclined to the bomon sustains but a portion of the 
■weight of any load that may be resting on it ; tlms, if the 
plane be 6 feet long, with a rise of I foot, and a load of 6 Ki. be 
placed upon it, and a cord passed from the same over a pulley 
ttt the top of the plane, and parallel thereto, then a weight of 
^}b. Hxed at this end will balance the load : if the height is 
! feet, Itb. will balance 3ib.'; but Ihe total amount of power 
required to move ti body up a hill is the same that la required 
to lilt it up a height equal to the degree of altitude that it is 
moved up the hill; thus, the power to run a carriage, weighing 
i tons, a distance of 12 yards up a rise of 1 in 12, is similar to 
which would be required to lift it up 1 yard. 
The term is indicative of all planes not perfectly horizontal 
(of a higher level at one end than the other) ; but when ap- 
plied to railways, it ia generally understood to refer to steep 
^^BiAclinktions only, as the Euaton-aquare inclined plane, of 1 in 86, 
^^Mm the London and Birmingham Railway, and the Box inclined 
^^Klane, of 1 in 107, on the Great Western Railway, at Bath. 
^^B Inclined planes should not have an uniform slope or clivity, 
^^H)ut they should be laid with a greater full at the higher than at 
^^Rhe lower end, towwds which it should gradually diminish. The 
^^^velocity acquired at commencing the descent will thereby be 
counterbalanced by the gravity increasing as the carriages ap- 
proach the extremity of the plane. — See Steam and Self-acting 
Inclintd Plane, 

Injection Engines, those steam-engines in which the steam 
is condensed by an injection of cold water into the cylinder, as 
most condensing engines at present in use. Mr. Samuel Hall's 
patent engines effect the condensation without any injection, 
which system is considered to be the most perfect ; the presence 
JDf air into the condenser is also prevented by it. 

Inlet, a term applied to an opening into a drain or culvert. 
INTERMEDIATE SpACE, the Centre space or distance between 
^ach line of rails, on double lines of railway, which varies on 
JtfTerent lint's. It is frequently made the same as the width 
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between the rails, or 4 feet 6^ inches ; ulthough it is increased 
6 feet on the London and BirniinghiLm uid other Roilw&ya. 
See Railtmiy, SiC. 

Invert, or Inverted Arch, a term applied to an arch whi 
placed in an inverted position, the Inttadoes or soffit of the ai 
being below the axis or springing -line j they are much 
in the foundalions of buildings, and are turned between piers 
the like, to connect the whole together, whereby the bearin 
the foundations is rendered regular and even throughout : they_ 
are also used for the purpose of excluding water. 

Iron, a very hard and durable metal of a bluish white colour, 
very malleable and elastic. 

Iron is considered to be the most important of the mineral treao 
aures of the United Kingdom after coal ; but it is not often fou- 
iu a natural state, as the ore is generally diffused in immei 
beds, and is converted, by chemical means, into pure metal, 

Sweedish and Russian iron have long been held in high esti- 
mation on account of their being smelted by charcoal furnaces, 
Pit coal is obliged to be used in tjiie country for that purpose,j 
owing to the scarcity of wood (the period of its first appllcatioi 
was in the year 1619) : notwithstanding, the best English ol 
cable iron is very little inferior to foreign iron. 

Iron is of two kinds, viz., the cast, or moulded, and the vrouffht, 
or forged ; the latter is employed for all purposes where strength 
and stiffness to resist a pull or strain laterally is principally 
required : cast-iron, on the contrary, is mostly used in a vertical 
position, and is not to be depended upon as a tie, unless cast 
very lai^e proportions ; it is also much used for engineering pur- 
poses, in such situations where it would be difficult to apply 
wrought icon, as for the ribs of bridges, &c. ; also for ornamental 
purposes, arising from the facilities which it presents, being capa- 
ble of taking almost any shape. 

The manufacture of iron received a vast impulse at the peril 
of Watt's great improvements in the steam-engine, on account 
the increased demand thereby occasioned : this m 
also employed in improving tiic blast in the furnace 
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There is nolliing particular to distinguish common iron ore 
stone, excepting its greater weight ; and it is worthy 
if remark, that the fuel required for its reduction generdly 
^companies it ; the ore is principally found in coal measures, and 
connection with limestone, both of which are used in the ope- 
ration. The metal is obtained from the ore, by a process termed 
smelling. It is first broken into moderate- sized pieces, and roasted, 
or baked by a method very similar to the burning of bricks by 
clumps, being formed into heaps about 30 feet long, 15 feet 
broad, and 5 feet high, with sloping tops : a thick layer of coal is 
placed at the bottom, and intervening layers are also laid within ; 
whole is then ignited, and left to bum for four or five days, 
Lnd when cool, the ore is taken to the smelting furnace, which is 
B brick or stone building, in the form of a tower, from 40 to 
50 feet high : it is filled with ore, and a mixture of coke and 
limestone, in the proportions of about 3 of ore to 4 of coke, and 
1 of limestone. 

The accompanying sketch represents a blast furnace upon the 
.est simple and approved principle. The interior portion, marked 
A, is built of fire bricks ■ it is fed at 
the top, through the hole B the fire, 
situated af the bottom is forced m 
by the poHcrful aid of the blast 
pipe, which IS worked bj a steam 
engine-, an opening is left at the 
bottom, for the eacape of the met il 
into a receiver G uf on its acquir 
ing a state of fusion and it is con 
ducted into aand moulds laid upon 
the ground of the pattern required, or into furrows made in 
sand: the large mass which sets in the main one being called by 
;he workmen a soxn and the lesser ones, pigs — thi^ sort being 
nown by the general name ofpij or crude iron The furnace is 
lever allowed to cool, but fresh ore is continually poured m at 
.he top. as mij be found necessary in the e\eiit of repairs bem^ 
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required, it is blown out: the coke not only serves as fuel, but it 

attracts the oxygen from the ore, and enters into combination with 
Ihe iron in a stale of pure carbon : the limestone assists the smelling 
ns a flux upon (he earths in connection with the ore, as flint and 
clay ; the which rise and float upon the surface, and are termed 

The hot air b!aat is now used in preference lo the cold air blasts] 
as a great saving is efl'ected by it ; a lai^e portion of the heat being; 
absorbed by the cold air, which occasions an unnecessary con* 
sumption of fuel : coal has also been successfully employed ini 
some instances, in jilace of coke. 

Wrought iron ia prepared from the cast, the pigs being again 
subjected to the furnace, meltedj and run into moulds, by which 
the remaining extraneous matter, as earth and oxydized iron, 
got rid of; this process being repealed until the iron clots to- 
gether upon being stirred, forming soft pasty lumps, when it ia' 
taken out and beaten by the large forge hammer, which is worked 
by a steam-engine ; and when the melal is compressed 
of about 1 inch in thioknessj they are placed in another furnace, 
and softened and shaped into bars, the ends being welded together 
and the operation ia completed by the entire bars being agaiaJ 
placed in the furnace, softened, and beat under the forge hammer 
by this process, the metal is freed from ail carbon, oxygen, and 
earthy ingredients ; and instead of being brittle and easily fiisible, 
it is now possessed of great tenacity, ductility, and malleability. 

Ikon Bridge, a description of bridge formed of cast iron, and 
employed in situations where the width or span is very great, 
compared with the rise ; being preferable, in such cases, to those 
of stone. 

Iron bridges consist, generally, of ribs thrown across, haTi 
iron plates filled in between them, as described under the genei 
head of " Bridge." 

The first iron bridge was constructed in the year 1779, a 
erected over the Severn, a little below Colebrook Dale, at 
part of the river where the stream was narrow, and, consequentb 
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rapid : the span of the ribs is 100 feet 6 inches, the spandrels 
being filled in with metal rings; but owing to the piera not 
having been sunk sufficiently deep to ensure a firm foundation, 
nor strong enough to resist the internal pressure of Ihe ground, 
which was of a slipping nature, the masonry became thrown oat 
of the perpendicular, and, consequently, much damaged ; and the 
form of the ribs being nearly semi-circular, they did not offer much 
resistance to this pressure; whereas, had they been segments, 
their power of withstanding it would have been much greater. 
The success of this experiment was, however, fuliy acknowledged 
and appreciated, although the ribs are now mostly executed in 
flat segments. — See Bridge. 

Ikriqatiom of Lasd, the operation of applying water to 
land, for the purpose of agriculture. 

Irrigation is a process but little practised in this country, 
■owing to the soil not requiring it ; although it generally forma a 
part of the system of drainage in low lands, the requisite works 
for enclosing the water serving the purposes of both; and by 
storijig it up in dry seasons, the sluices have only to be opened to 
0ood the whole of the lower level. — See Drainage for Agricitltural 



The irrigation of land may be described, generally, as being of 
three kinds ; first, simple flooding, usually termed flooding and 
warping; secondly, surface irrigation ; and, thirdly, subterraneous 
ic^gation. The first has long been practised, being an evident 
imitation of nature in the overflowing of rivers ; it consists in the 
floating of a quantity of water over the land, and is generally 
practised with grass land ; and when it is charged with soil, or 
any alluvial matter, it ia called fiooding and warping ; the warp is 
■very serviceable, and increases the fertility of the land consider- 
ably; it also tends to raise the surface of the soil, The second 
description, or surface irrigation, is executed by open cuts or 
channels traversing the surface of the land, by which the water 
is conveyed to the roots of the grass. This system, also, is of 

:at antiquity, and, being simple, it bus continued in use up to 
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tlie present period. The meadows around Salisbury have beeiia 
watered ia this way from time iniinemorial, where tliese numef | 

rous cuts also assist the drainage, there being much water i 
neighbourhood. The third kind, or subterranems irrigation, is ofV 
more modern dale, and constitutes the most approved plan, bein|f 3 
more convenient, and requiring the least quantity of water of auff 
It is effected by a system of main drains, having covered gutter 
connected with them, and placed in the sub-soil, the formaj 
communicating with a main conduit, at feeder, proper sluices beinj 
attached, by which the water is discharged when required. 

Irrigation by Liquid Manure is a subject well deserving the atJ 
tention of the profession, BO practical plan of effecting the some 
having yet been devised, although it ia much adopted on the 
Continent, aad there are occasional instances of it in this country, 
as in the neighbourhood of Edinburgh, where it is enaployed o 
grass land, and succeeds exceedingly well. 

TSOI.A.TED Harbour, a harbour of refuge, built independent 
of the coast and con 
nectedto tbyabndge 
unde wh ch the shui 
gie 3 allowed to pass 
the ncl nal on of the 
sh ngte to tra el on 
wa ds e en U ough a 
ve y ont acted chan 
nel gave the dea of 
th s plan of onst uc 
t on and by keep ng 
the mouth ol th bar 
bou n sufE en ly 
deep ate , no cause 
will operate to diminish the depth, impede the silt, or stop it up. 

The above is a plan of an isolated harbour upon the system of 
Mr. William Tait, C. E., wbo has devoted considerable attention 
to the possibility and expediency of constructing tlicm; the a 
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represent the direction of the tidal current and the dotted line, 
the course of the prevailing south-west wind. 

Jib, the projecting frame of a crane, from which the weight or 
goods are suspended. 

Joggle, a term s^plied to a particular 
description of joint; thus, to the joint 
connecting two stones, or other bodies, in 
such a manner that they cannot slip away 
from each other without tearing the joggle — 
or joint asunder. A separate piece of 
hard stone, called a joggle ^ is sometimes 
introduced at joints of stones exposed to 
great strains, thus — See Cuts, 

Joint, the connection or juncture of separate bodies, but 
applying more particularly to vertical joinings, as in stone- work ; 
those situated horizontally being termed beds. 

Joint Chaib, the chair which secures the jointure of two 
railway bars together. They are generally made larger than 
other chairs. — See Chair. 

Joists, the timbers employed in supporting the flooring of 
warehouses, and other buildings. 

Journal, the name given to that portion of a shafl which re- 
volves on a support situated between the power applied and the 
resistance. 

Key, Cottar, or Cottrel, a wedge-shaped or taper- 
ing piece of iron or wood, which 
is driven firmly into a mortice 
prepared to receive the same, to 
tighten and secure the several parts 
of any framing or contrivance toge- 
ther, as a rail to a chair, &c., thereby 
forming a fastening. When a key is ^^ ^' »^« ^«^'- ^' ^' ^' «- '^^ °'^- 
passed through a timber beam, or two or more pieces of metal 
placed side by side, it is customary to clasp them together by 
irons, termed gibs, previous to inserting the keys. 




134 KEY STONE— LEVEL. 

Kbv Stone. — See ArrL 

Kjng, or Crown Post, — See Hoof. 

Kyan's Patent Phepakation, a process of preserving timber' 
from the dry rot, recently invented by Mr. Kyan, consisting of a 
solution of corrosive sublimate, in which the timber is immersed, 
whereby the primttry element of fermentation is neutralized, and 
the fibre of the wood rendered indestructible. It also effectually 
seasons the timber, occupying a space of only two or three 
months instead of from two to six years, which is usually con- 
sumed in laying it to dry, by the common method ; and it also 
protects it from the ravages of insects. 

The preparation Las become generally employed for railway 
sleepers, and for all timbering employed in engineering works, 
which, from their exposure to the wea»her, are very liable to pre- 
mature decay. 
Land Slip. — See Slip. 

Leaf-Bridge, or Hoist-Bridge, a certain description of bridge, 
consisting of two opening leaves, and much used formerly, although 
very seldom employed at the present time. — See Drawbridge. 

Leat, an artificial channel for conducting water for the work- 
ing of water wheels, and for other purposes. 

Ledgers, the name given to the men employed in conveying 1 
barge through a canal tunnel, by means of pushing with their 1^ 
against the side walls. 

Level, the name given to a tract of low marshy land, 
morass, as the Bedford Level, which is the receiver of the wate 
of nine counties, and which extends into six counties; viz., Nca 
thamptonshire, Huntingdonshire, Cambridgeshire, Lincolnshir 
Norfolk, and Suffolk ; and comprises about 400,000 acres < 
low land, encompassed in all directions: it therefore becomflj 
very difficult to provide a sufficient outlet to ihe sea to ( 
the water off. The works connected with levels are of great i 
portance, and frequently possess extensive embankments and 
sluices. — A canal, or any particular portion of one, is also termed 
a level. — See Drainage /or Agricultural Purposes. 



Level, or GittBRY (in mining). This term is much used in 
pference to coal mines, and tbe levels are usually diatiuguishcd 
n each other by their depth, and are designated 40 fathom, or 
9 fathom levels, accordingly. 

^ Lbtel (spirit). The spirit level is an inslrument for mea- 
~5uring the rise and fall of the surface of the ground, and used in 
taking the section of a hill, or proposed line of road, canal, or 
railway, consisting of a spirit level fised to a telescope, with 
5 to adjust it horizontally. The eye of the observer is 
irecled to the object-glass of the telescope, when he observes the 
eight at which the horizontal wire crosses the staff. It is necessary 
a employ great care in adjusting the instrument, as every thing 
SSepends upon the accuracy with which it is performed. Sup- 
■ posing the primary adjustment of the telescope and level together 
to be correct, the rendering the whole horizontal is easily accom- 
plished by bringing the bubble to the centre of the glass tube. 
The eye-piece of the telescope must be drawn out until the cross 
wires appear perfectly distinct, and the screw, acting upon the 
diaphram containing the wires, must be turned until tiie smalleat 
gradations are perfectly visible ; when any wavering motion 
appears in either the wires or the staff, parallax is said to exist, 
vhicb must be removed before any observations are taken, 
^^H The " Y level" is the oldest instrument used for this purpose; 
^^Kut "Troughton's Improved" forms a great improvement upon 
^^Pkme. " Gravatt's Level," so named from the inventor Mr. Wm. 
^^Gravatt, C. E,, is at present the favourite instrument among engi- 
neers, as it possesses very important advantages over others. 

The term level is also applied to a perfectly horizontal plane, or 
line, i. e. a line drawn between any two points which are eguidUtant 
from the centre of the earth. — See Levelling and Levelling Sta^. 
Level, or Pated Chossing (oo a railway). Level crossings 
r where a radw aj crosses roads upon the same level ; in which 
ise the rails are protected bj iron frames and paving. 
F Level crossings, although of frequent occurrence formerly, are 
Wery seldom made at ihp present timi", on account of their prohi- 
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bilion upon highways and turnpike roads, and the accidents 
sometimes occasioned fay tbetn; also the expeoee of gate-keepers, 
to attend them. 

Levelling, the operation of finding a line parallel with the 
horizon, from which the rise and fall of the ground may be duly 
measured, the which is attained by the aid of instruments, 
principle of it being perpendicular to the direction of gravity ; 
but although the horizon is apparently a right line, and level, 
in point of fact, it is not so, but is a segment of the earth, 
globe is an oblate epheroid, flattened at the poles; the pi 
diameter being 7,808, and the equatorial, 7,924 miles; and 
distance of 1 mile upon its suri'ace, gives a depression of 8 inches 
below the visible horizon due to curvature ; at 2 miles, it is 
4 times that quanlily, or 32 inches; and at 3 miles, 9 times, or 
73 inches, and so on, increasing in proportion (o the square of 
the distance ; but this fall is slightly reduced by the effects of the 
refraction of the atmosphere, which incurvates the rays of light 
proceeding from objects near the horizon in the direction of dis* 
tant parts, raising them upwards ; in other words, the points of 
observation appear higher than they really are ; this rise may 
taken at |lh of the curvature, and therefore deducted from it 
ordinary levelling operations, the influence of both curvature 
refraction are counteracted by taking observations at equal 
tances from each side the instrimient, when they are each si 
larly aflected, and thereby nullified, their influence in extensii 
trigonometrical surveys only being calculated and allowed for. 

Levelling is usually performed by means of an instnim* 
termed a level, and with levelling staffs, the operation being coi 
menced by the staff'-man setting up the staff' at the starting poibi 
of the proposed line of section ; the observer then fixes his level at 
a suitable distance beyond it, either upon the line, or on one side 
of it, whichever is most convenient ; he then adjusts his 
ment, and takes a sight at the staff, noting the same in his fiel 
book, the staff-man now proceeds forward, and upon arriving at' 
suitable point in the line, the observer turns his level, and taki 
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another observation, noting it as before ; and the former sight is 
denominated the back sight, and the latter the fore sight ; and they 
are placed in the book, thus — 

B. S. I F. S. 

7.32 I 5.20 

Sometimes several successive fore sights are taken without altering 
the position of the level, in which case the fore sights become 
alternately back sights to the succeeding observations, as — 



B.S. 


P.S. 


7.32 


5.20 


5.20 


2.30 


2.30 


9.22 



It may be remarked that the position and height of the level is 
immaterid, and any trifling error in the adjustment is also rec- 
tified by placing it about midway between the stations. If the sec- 
tion be required for an especial purpose, it is necessary to number 
the stations, and chain the distances ; which are entered in chains 
and links : miles are marked in the book thus — 

CH. LKS. 

40.00 

60.00 

70.00 

85.00 = 1 MUe 

12.00 

the surplus 5 chains being carried on to the next length of 
7 chains, making it 12 chains. 

It is essential to hold the chain as nearly horizontal as possi- 
ble, and not along the surface of the ground. Of course, in run- 
ning check levels for the purpose of merely ascertaining the 
general correctness of a section, it is unnecessary to go over the 
gpround in the same line, or to measure it ; the comparative level 
of the several bench marks only being regarded ; they may run 
down a turnpike road, if considered the most convenient. 

T 
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In Ibe evenl of meeting witU obstructions in the line, as woods. 
lakes, forbidden property, &c., the levels must be taken round thero; 
if the distance should extend far, and the opposite side cannot be 
seen, the plan niuat6rstbe taken, then plotled, and the proper di- 
rection of the line marked upon it, also measured and set off on the 
ground, by which the levels may be readily carried round ; and 
upon arriving at the ultimate point, the original bearing of the 
line must be taken, which will give the true direction of the line 
of section. Lakes, ponds, woods, and buildings, may be readily 
passed, by setting off a right angle, and continuing the line until 
it clears the obstruction ; next set off another right angle, and 
again another, which carries it into the line of section ; the length 
of the second line must, of course, be equal to that of the first Hue 
set off.— Se<f Level (SpiritJ. 

LEVRt.Lma Staff, a graduated rod or staff, which is advanced 
alternately with the spirit level, denoting by the graduations 
bisected by the latter the rise or fall between any two points. 

The improved levelling staff with inverted figures, which i 
commodates itself to the inverting telescope, whereby the figi 
may be read off by the observer in their proper position, 
much to prevent errors, and facilitates the operation. Two si 
are sometimes used which are moved on alternately, one bi 
applied for the back, and the other for the fore observation. 

Lift-Wall, the cross wall of a lock chamber. 

Light-House, a certain erection, generally in the form c 
tower, built upon or adjacent to dangerous rocks, for the purpose 
of warning ships of their situation ; or along the sea coast, as land- 
marks, lights of various descriptions being introduced upon the 
lop at uight : a gallery, or balcony, usually runs round the lantern 
on the outside. Light-houses, of a similar description, are also 
frequently erected at the extremity of one of the arms forrain 
the entrance to harbours, for the purpose of guiding the vess 
in and out during the night, fee, which are generally i 
" harbour lights." 

The present Eddystone Light-house, which is situated at f 
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entrance lo Plymouth Sound, and^wos commenced in 1756, by 
Mr. Smeaton, is one of the most celebrated, presenting a fine 
specimen of scientific construction, being situated upon an exten- 
sive reef of rocks, known by the name of the " Eddystone," the 
scene of many shipwrecks, about OJ miles from the Ram-head, or 
learest point of land . 




It 19 built upon an inclined piece of rock, upon which the 
pfoundation atones are stepped down. The height to the top of the 
'cupola is about 86 feet at the highest level of the rock or head- 
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land point, and about 94 feet at the lowest level ; the building 

le carried up solid ne hig'li as there was uny reason to suppose 
il was exposed to tlie lieuvy stroke of thu sea, viz. to 35 feat 
4 inches above its level, and 27 feet above the top of the rock, or 
common spring tide high water-mark ; the entrance is about 
half-way up the latter, and the ascent is made by a well stall-* 
case in the centre ; the sides of the Etones forming the courses o, 
this portion are worked into one aiiother, thus : 
oak vertical wedges were introduced into groot 
prepared to receive them in the masonry, 
whereby the stones were secured from the effects f 
of the sea, during the intervals the works W' 
obliged to be lelt ; each course was likewise 
secured to the one below it by oak trenails, 
which were driven through the upper course, entering 9 or IC 
inches into the one beneath it, and these trenails were again splilf 
and wedged to secure their safe purchase, as the violence of th4 
waves was such, that the mortar from the beds and joints of thi 
atones forming Die upper courses were washed away when the worki 
were left during the intervals of stormy weather; these couraei 
were further secured together by marble joggles or plugs, whichi 
were introduced between the beds of the stones, and well wedged 
and flushed with mortar. The next poKion, extending to the cap 
of the pillar, forming the surface of the balcony, or gallery, round 
the base of the lantern, is carried up in stone walling, varying in 
thickness from 2 feet 4 inches at the bottom to 1 foot 6 inches at 
the top, which is arched over in masonry, and there are three ii 
termediate floors between them, a well-hole being lefl in the centre 
of each for communication, which is effected by means of ladders ; 
and 2 tier of strong chaiu-bond is laid in each floor in the middle 
of the walls, the several joints of the atones of this portion of the 
building have grooves worked into them, into which thin pieces 
of marble are joggled ; they are also well cramped together, 
and a wall, about 6 feel 6 inches high, and 1 foot 2 inches thick, 
is carried up above the capping, upon which the lantern rests. 
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Ttie Bell-rock Light-house, erected also on a dangerous reef in 
ibe Frith of Forth, by Mr, Stevenson, and finished in the year 
,1, is another excellent specimen. It is 42 feet in diameter at 
e base, and 13 feet at the top, the total height being upwards of 
feet. 




Lime, a valuable substance mi 
other purposes, being the most 
mente; it forms one of tiie primitii 
native, or in a. slate of purity, but 



:h used in building, and for 
ssential ingredient in all ce- 
; earths, although never found 
s always combined with acids. 
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particularly carbonic, in which it extBts in prodigious quantitlea ; 
marble, limestone, and chalk, are all carbonates of lime, and gypsum 
is sulphate of lime. Lime may be prepared from any carbonate 
of lime, as limestone, or chalk, calcined or well burnt in kilna for 
some time to a white heat, by which the carbonic acid and acid 
contained in thoae substances are expelled, and the earth is left 
in a fragile mass, having very little coherence, and 13 therefore 
easily reduced to powder, when it is called quick time, in which 
state it shows a great diaposition for water ; upon applying which 
it instantly swells and cracks, producing a considerable degree of 
heat (it will absorb one quarter of its weight of that fluid, and 
yet appear dry), it then falls into a fine white powder, when 
is called slack lime. 

Stone lime is generally used for engineering works, and t 
harder the stone the better is the lime produced from it. Broi 
stone lime is said to be the best for all kinds of cements, althoug 
blue lias lime is considered by some to be superior, as 
stands the action of water exceedingly well ; it was used by Mt 
Smeaton in building the Eddystone Lighthouse, where it has 31 
ceeded after all other limes had failed. Good chalk lime, althoug 
Buid to be inferior to stone, is yet much esteemed. Lime shoul 
always be kept under an enclosed shed, particularly challt lime, t 
it suffers considerably from exposure to the air : the efficacy i 
lime also depends materially upon being well burnt, aiier whio 
process it should be used as soon as possible, — See Hydraalic Lim 

Lime Stone, or Calcareods Stone, the stone from whic 
lime is produced. — See Stone and Lime. 

Lining (in canal and other hydraulic works), a term applie 
to puddle laid along the bottom and upon the sloping aides ( 
canals, whereby it prevents the water from escaping ; it is usual^ 
laid about 2 feet in thickness. A small portion of water wi 
always percolate through the banks of canals immediately a 
their formation, but it gradually subsides as the soil oonsolidates.- 
See Canal. 

Link, a Mrtain portion of a rliain, fiuniei's ciiain, which i 
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that usually employed in surveying, contains 100 links, each 
measuring, with the connecting rings, 72 -j^ inches. 

Lock, or Hydraulic Lock, a small lock of modern inven- 
tion, and of frequent occurrence in the line of a canal ; also at 
the entrance of docks, basins, &c., constituting a contrivance for 
passing boats from one level to another. 

Locks are provided with gates at each end, and are made suffi- 
ciently large to receive the largest boats navigating the canal 
upon which they are constructed. The upper portion of the canal 
is generally called the upper pond, and the other the lower pond, 
the difference between the levels being termed the lift of the lock 
(which varies from about 3 to 12 feet — the greater the lift the 
more water is consumed) ; that portion of the lock enclosed by 
the gates is called the lock chamber, the size of which is regulated 
by the boats employed upon the canal. A {in the sections) repre- 
sents the level of the upper pond, and B that of the lower ; C is 
the lift wall, and D, D the side culverts. The lock chamber 
should be rather wider than the boats used upon the canal, and 
the utmost care is necessary to prevent the water from the upper 
level making its way below, and rising up through the bottom of 
the lock, and undermining the works ; the bottom is constructed 
with an inverted arch, to counteract any defect of this kind, the 
which also excludes any himiidity in the soil, and diffuses the 
weight of water equally throughout. The recess into which each 
leaf of the gate turns is termed the gate chamber; the gate post, 
hung in the hollow quoin, is called the quoin or heel post ^ and the 
other the mitre post. The bottom framings, against which the 
gates Eire shut, are called mitre sills, and are distinguished as 
upper mitre sill and lower mitre sill. 

The portions of a lock at each extremity of the lock chamber 
are termed bays, and are either /ore or tail bays accordingly, they 
are usually finished with circular wing weQIs, extending to the 
full width of the canal, and carried down below the bottom of the 
same ; and bumping apparatus is sometimes formed against the 
latter, by which they are protected from any shock of the boats 

u 
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t boat-hooks ; grooves ore generally i 
1 the head and tail bay walls, 

' the insertion of stop planka, to j 

at off the water when repairs are I 
Bcesaary, 

When a boat is required to be 
assed from the higher to the lower T™..en. B«iiod. 

I first floated into the lock chamber, and the upper 
ates closed : the water is then allowed to escape from the lock 
haraber to the lower level, which b effected either by paddles 
irmed in the gates, or by side culverts; the boat being thus 
link to the lower level, the lower gates are opened, and it is 
iken through : and the boats are passed up by a similar process, 
nly reversed. Some locks are constructed sufficiently large 
to allow of two boats being passed up or down at the same time; 
nd others effect the same by two distinct chambers. 

Lock-Gates, or Hatches, the framed galea employed on 
9 and canals, for penning back the wal«r, which consist of 
leaves, and are opened either by means of balance-beams, 
tuated on the top of the gates, or by boat-hooks : a large gate 
iinning upon wheels is opened by means of a windlass and 

lain. 

The gates of a lock are termed either vpper or lower gates, 
icording to their situation ; they are generally formed of strong 
■k framing, the upright frame, or posts, at each side being called 
min or heel posts, and the others mitre posts, according to their 
ituation, and horizontal pieces are framed into them, termed 
lils; their tops are finished by long heavy beams, termed balance- 
ams, which are for the purpose of opening and shutting the 
ites, these rest upon the quoin posts, and are morticed into the 
itre posts; strong planking is nailed or trenailed on to the leaf 
aming, which is sometimes laid in a diagonal direction, and 

slight foot bridge is usually formed on the top of the gates. 

'he quoin posts rest upon an iron pin, which turns in a socket 

icnred to the platform, and the upper part is enclosed by an 

u 2 
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B, B, the clap-cill and frame. 

C, C, the cross bearers, resting upon plates, and upon which 
the planking is laid. 

D, D, the rails or framing of gates, to which the leaf planking 
is secured. 

E, the upper diagonal planking. 

F, the bottom planking. 

G, the elm sheet-piling, for protecting the platform. 
H, H, the quoin, or heel posts. 

I, I, the mitre, or meeting posts. 

Lock Sill, or Cill, the bottom framing against which the 
gates are shut. — See Lock. 

Lock-Weih, a weir furnished with a lock, for the transport of 
boats from one level to the other. 

LocoMOTiYE Engine, a motive steam-engine constructed on 
the high-pressure principle, and adapted to run on roads and 
railroads, being employed in conveying passengers and merchan- 
dise along the line. 

Locomotive engines differ considerably from other steam- 
engines in their mode of construction, as numerous modifications 
from the latter became necessary to render the machine suitable 
for a rapid transit ; the foremost of which is the combining of the 
engine and boiler together, the boiler is also formed of much less 
dimensions in proportion to its power, and the size of the cylinders 
aje reduced; the several parts of the framing is also secured 
together in a stronger manner than usual, whereby the whole is 
rendered proof against the sudden shocks and strains to which it 
is subjected ; the motion of the piston-rod is transferred to the 
wheels, either by connecting rods fixed upon one of the spokes of 
the wheels, or it is effected by cranks fixed upon the axles, which 
thereby cause the wheels to revolve : the latter system is the 
most convenient and direct, and is in almost general use ; although 
the crank, being subjected to very great strains, is rather liable 
to fracture, the former may consequently be considered to be the 
strongest method. 
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The honour attached lo the inventor of the locomotive €!>( 
ifi undoubtedly due to Mr.Trevithick (although Mr. G. Stephens 
has the credit of perfecting it) ; the first one having 
Btructed by Trevithick and Vivian in about the year 1802, which 
waa tried upon the common roada. It was supposed at the time, 
but erroneously, as experience has since shown, that the wheeb 
did not poasesa sufficient power of adhesion to the road to impel 
the engine forward ; and various contrivances were consequently 
attempted in other engines to increase the same by the aid of 
propellers or levers, whereby it was pushed along, and which aotf 
upon the ground somewhat similar to the feet of horsest amongj 
the foremost of these waa Mr. Gumey's common road locomo- 
tive, as originally constructed; the propellers being afterwards 
found useless, were removed, although they have been described 
SB forming the chief peculiarity of his patent, Mr. Gumey's car- 
riages obtained a very great share of public patronage and con.- 
Bideration : indeed they have been the most successful of any. 

Trevithick and Vivian also constructed another modification of] 
their patent steam-engine, and applied it upon a. very indifiert 
tramway, where it realised all that could be reasonably expected, 
it was worked by only one cylinder, which was placed verticall; 
and it got over the centres or dead points by the momentum 
the carriage when in motion. 

The first public railway, worked by locomotives, was 
Stockton and Darlington, by Mr. G. Stephenson, which 
opened in 1825; the locomotives were worked by vertical cyli 
ders, the motion being communicated to the wheels similar 
the last-mentioned engine, and all four wheels acted upon it 
means of an endless chain running round cog-wheels fixed on 
axles. Although far from perfect, these continued to be 
most effective engines at work, until the opening of the Liverpt 
and Manchester Railway ; and all engines, up to this period, 
be described, generally, as being of very poor constructioi 
having one flue passing through llie boiler, and returned again 
the fire-box (the Trevithick plan of boiler), at which end 
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mney was situated; and a greater velocity than 8 miles an 

ir could never be attained by them, owing to their small extent 

evaporating surface : they did not possess y',lh the power of 

1 present locomotives. 

■The directors of the tatter railway having, in the year 1829, 

1 premium of £500 for the best locomotive engine, gave 

i first stimvdus to the subject, the stipulations and conditions 

) follows; — viz., '' To consume its own smoke; to be 

■Lpable of drawing three times its own weight at 10 miles an hour, 

ISth a pressure on the boiler not exceeding 50tb. upon the square 

I whole to be proved to bear three times its working 

tessure — a pressure gauge to be provided ; to have two safety- 

Ives, one locked up : the engine and boiler to be supported on 

feings, and rested on bik wheels, if the weight should exceed 

4^ tons ; height, to the top of the chimney, not to exceed 15 feet ; 

weight, including water in boiler, not to exceed 6 tons, or less, if 

possible ; the cost of engine not to exceed £550." The " Rocket" 

le, by Messrs. Booth and Stephenson, proved the successful 

, in the boiler of which tubes were introduced for the first 
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time, whicli greally increased ihe cvaporatiDg powers of the 
engine, and formed a considerable improvcmeDt. 

fl, the fire-bos, which is surrounded with watfir on every side, 
except that perforated for the reception of the fire tubes. 

b, the boiler in which the Bteam is generated, containing 25 
tubeB. 

c, one of the side pipes for conducting the water from 
boiler to the casing round the fire-box. 

rf, one of the steam cylinders, 

e, the chimney by wliich the smoke and condensed st 
escapes. 

f, one of the connecting rods for communicating the motion of 
the piston-rod to the driving wheels. 

g, one of the eduction pipes, through which the steam escapes 
into the chimney, aAer performing its office in the cylinders. 

h and i, the safety -valve a. 

The boiler of the "Rocket" locomotive was 3 feet 4 i: 
diameter, and (3 feet long, having flat ends ; the lower half 
kept constantly filled with water, and 25 copper tubes, of 3 inches 
diameter, were passed along its whole length, and fixed water- 
tight, the further ends of which were open to the chimney, and, at 
the other ends, to the furnace (the tubes employed in locomotives 
at the present time are of much smaller diameter, but three or four 
times the number of the " Rocket"), The upper half of the boiler 
was appropriated as a reservoir for steam : the square furnace-bos, 
was 3 feet long by 2 feet broad, and 3 feet deep, the fire bars laying 
at the bottom of it ; the surface exposed to heated air, or flame, 
from the fiirnace 117.8 square feet; the whole of the furnace was 
enclosed in a casing, except the bottom and the side next the 
boiler; and the space between the furnace and the casing was 
3 inches in the clear, and kept constantly filled with water: there 
was also a pipe from the side of same, which communicated wit 
the underside of boiler, and another pipe was fixed at the top 
it, which conducted the steam from it into the boiler. The cyli 
ders had a stroke of 16J inches, and were placed in a diagoi 
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direction upon each side at the extremity of the boiler, each 
working a wheel of 4 feet Q^ inches diameter. The principle of 
generating steam was by the exhausting power of the chimney, 
assisted by the impulse of the steam from the cylinders, which 
escaped from them into the chimney by two pipes, one on each 
side, called the ejection pipes. 

The engine weighed 

Tender, with water and coke . . 
Two loaded carriages attached . . 

Total weight in motion . . 

The evaporating surface of the boiler was three times the extent of 
the former engines, which weighed upwards of 7^ tons, to which 
its success is mainly attributable; it evaporated 114 gallons of 
water an hour, and consumed 217ib. of coke in that time, and it 
attained a speed of 29 miles an hour, and an average velocity of 
14J miles an hour. 

Although locomotives have since been considerably modified, 
yet the above engine has formed the basis of all the many great 
improvements which have taken place in them. The cylinders 
have been removed from the outside of the boiler to the inside, 
and the piston rods placed underneath, instead of on the outside 
of the wheels; they are also connected with the latter by means of 
cranks placed upon the axles of the driving-wheels at right angles 
with the same ; a warm air chamber has also been made at the 
upper end, and a blast-pipe introduced in the chimney, whereby 
the draught of the furnace is considerably increased. 

It was soon after found, that by constructing engines of greater 
size, the increased evaporating powers would make ample amends 
for the additional weight, and a strong desire was accordingly 
manifested of having heavier engines on the Liverpool and Man- 
chester Railway, but owing to the rails not being sufficiently 
strong to carry them, they were found objectionable ; and there 

X 
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was ttccordiiigly a constant struggle between light and heavy en- 
gines for some lime, bul the line being now relaid with heavier 
rails, they are exclusively used. The locomotives in general use 
at the present time, upon public lines of railway, weigh from 9 to 
13 tons, and are mounted on six wheels, which ate frequently 
coupled to increase their power of adhesion. The framing of the 
engine is usually placed on the outside of the wheels, but Mr. 
Bury places the framing of his engines on the inside, by which he 
reduces the length of the axle, and consequently increases its 
strength. The slide-valves are shifted by the engineer by means 
of the connecting rod, or hand-gear, at starting and stopping an 
engine only ; when at work, the engine performs it. A larger pro- 
portionate passage is required for the entrance of the steam in 
locomotives than in stationary condensing engines ; the usual 
velocity of the piston being about 440 feet per minute, or double 
that of the latter, when running at a rate of 25 or 26 miles an 
hour: they move at 700 feet per minute, when moving at 40 
miles an hour ; a proportion of -^th the area of the cylindero 
considered the best for the area of the steam port. 

The power of a locomotive engine varies according to thi 
velocity with which it is propelled, and it cannot be estimated 
the same manner, as other engines, viz., taking the actual force 
upon the piston and the velocity of its motion, as it is very diffi- 
cult to ascertain the effective pressure of the steam upon the 
piston, in consequence of its often differing very considerably from 
that in the boiler, and on account of the large amount of resistance 
of the waste steam, owing to the great velocity with which the 
piston moves. The only true method of determining the power of 
a locomotive is, therefore, by experiment. 

The extent of power of a modern locomotive engine, having 
12 inch cylinders, and an IS inch stroke of piston, has been stated 
at about 38 or 40 horse power at high velocities upon a level 
plane, and 70 to 80 horse power at a slow rate of speed ; and tbeir 
general performance has also been estimated by other enginei 
from 30 to 40 tons, moved at the rate of 15 miles an hour ; nccord- 
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ling to which the rollowing Table shows tLe load it will liave at 
p^iSerent inclioations at plaoe : — 
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It is generally conaiiiered injudicious to work an engine regu- 
larly to the utmost of its power ; the load should, therefore, be 
always a little less than it is capable of (Jrawing, lo allow for the 
|.-yariation of level in the line, and other contingencies; and extra 

iwer mayyet be obtained, if required, for the iiiclined planes, by 
.partially stopping the flow of water into the boiler at the time of 
passing up, which increases tiie power of the steam, although not 
to much extent. The water lost by the steam blown away in a 
locomotive and other steam engines is replaced by an equal 
quantity of water at each stroke of the piston, being supplied by 
email force-pumps from the tender, and worked by the engine. 

Engines are generally oiled by means of syphon wicks, or by 
cocks and tubes ; and the engine-man should carefully examine the 
oil cups and syphon wicks previous to starting, also the water- 

luge and the other p[irta of the engine ; and, as lie sets her 
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sgoii^, ahould try the hand-gear and force pumps ; the condenued 
rteam-cock should be kept open as long as possible, and not 
shut until just before the train starts. During running, the water- 
gauge should be tested by the gauge-cocks, if considered neces- 
sary, and the cocks should always be turned before the supply 
pumps are uacd. 

The locomotives may be frequently observed running up and 
down a line ofrailway for a shorl diatanoe in the vicinities of the 
engine-house and depots ; this is for the purpose of pumping the 
water from the lender into the boiler, the supply punips, as before 
slated, being worked by the engine ; it is obviated, in some eases, 
by the locomotive being placed upon the circumference of large 
wheels situated beneath the line, instead of upon the rails, when 
the only effect produced is the turning of these friction wheels, 
locomotives remaining stationary. 

The boiler forms the limit to the power and speed of a lacom 
live, as each stroke of the piston consumes two cylinders -full a! 
eleam, the some causing one revolution of the wheels ; 
quantity of steam, may, therefore, be said to represent a certoi 
number of feet travelled over; and the cylinders are genera 
capable of more work if a greater quantity of steam could fa 
plied to them : the diameter of the pump and feed-pipes ai 
not sufficiently large to feed the boiler at very high velocitiei 
which consequently causes a lack of steam ; the boilers of staljoi 
ary engines, on the contrary, may be enlarged without diiSculH 
if the engine requires it. 

Nearly one-third of the power of locomotive engines is absorbc 
in preparing to move a load, and it is the same for great as for smal 
loads ; tjic wear and tear of the engine also hears the same ratio ; 
and the current expenses, as that of the stations, the sum for 
direction, wages of engineers, attendants, &c. ; it is, therefore, o( 
the utmost importance that the goods and passengers upon a raQ.j 
way ahould be conveyed in large masses. 

The consumption of fuel of locomotives is regulated by I 
load; with a full load it amounts to about jtb of coke per toi 
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per mile, taking the gross weight (the quantity of water evapo- 
rated is rather less than J of a gallon per ton), and the consumption 
of it is nearly double with a light load. 

The following cuts represent Mr. Robert Stephenson's Patent 
Locomotive Engine : — 
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A, the fire-grate, which is siluated at the bottom of the int 
f(i mace -box. 

B, B, the feed-pumpB which supply water to the boils,! 
nve worlied by an arm attached to tlie piston-rod. 




^, C, the aiicti on-pi pes to same. 

D, tie gauge Tor regulating the height of water in the boiler, 

E, E, the gauge-cocks for trying the same. 

T, the lock-up safety-valve, over which the engineer has n' 
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G, G, the blow-off cocks, through which the water is btom 

when the boiler undergoes cleansing. 

H, the regulator, wtiich is fitted to the steam-pipe, by whifl 
the engineer regulates the supply of steam to the cylinders | 
may be required. 

I, I, the slide-valves (ontiing the communication between ihe^ 
steam-pipe and the cylinders. 

K, K, the steam-chests in which tbe same work. 

L, one of the cylinder covers, which are fixed air-tiglit. 

M, one of the piston-rods, 

O, the steam-dome or cover, being placed over the steam-pipe. 

P, one of the connecting-rods, which is attached to the last h 
means of cross-heads. 

Q, Q, the cranked axle. 

R, R, the driving-wheels. 

S, S, the eccentrics and accompanying gear for reversing t 
motion of the engine. 

U, U, the principal or outside framing, upon which the springs 
W, W, are fixed, the framing employed within it being termed 
the inside framing . 

X, X, the pet-cocks, for ascertaining the flow of water i 
the suction-pipes. 

Y, Y, the cocks to let off the priming water from the cylinderej* 
another cock is also connected with the blast-pipe for a like 
purpose. 

Z, the steam- whistle, for giving signals as occasion i 
require. 

The modern locomotives take about 81b. of fuel to evapora 
1 cubic foot of water (which is nearly the same that ia required by 
stationary engines) ; as much as ISlfc. were consumed by the old 
locomotives to accomplish the same, owbg to their evaporating 
surface being; considerably less. The cost of a locomotive engine 
and tender is about £1,200, and the annual repairs are stated 
at £800. 

There have been several locomotives constructed, 
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to their running on common roads, aa before stated, which are 
necessarily of much less weight than those employed on rail- 
ways, and they usually possess a greater degree of power in pro- 
portion to their weight. Mr. Gurney was among the foremost in 




introducing them ; he proposed having the carriage containing the 
passengers attached to the propelling carriage, or engine, and he 
considerod that if his conveyance was employed instead of horses 
the total weight upon the road would be about the same in either 
case ; thus, supposing the average weight of 1 horse to be 10 cwt_ 
it would give 2 tons as the weight of 4, which is about that of his 
propelling engine, and the passenger-carriage (containing 18 per- 
sons) would be of the same weight as the atage-coach drawn by 
the horses; but as horses cannot work above 1 or IJ hours per 
day, from 25 to 32 horses are constajitly required to work 8 hours, 
or the length of time a locomotive may be readily run per day, 
which number of horses it may therefore be said to be equal to ; 
although his engine is calculated to be of only 12 nominal steam- 
engine horse power; notwithstanding, where a speed of 4 miles an 
hour only is required, horses are the cheapest. If the engine is 
employed to draw carriages, aa represented in the above cut, tliey 
should not exceed 3 tons, nor the engine 2, or 2 j tons. An engine, 
with a carriage, can turn a circle of 10 (eet inner diameter, and be 
stopped within 6 or 7 yards. The ordinary pressure on Mr. 
Gurney's boiler is 70Rj pec square inch; it consequently blows 
with that pressure, and generally lifts the valve : when the carriages 
stop, it is sometimes increased lo 1(K). and l-'tO ib 
y2 
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preesure it ia liable lo be subjected to ; 20Ib. is also the Utmost pres- 
eure on the piston : the danger of the boiler of a road locomotive 
burating is not so great as that of the horses ninning away. Mr. 
Gurney has thrown out an idea of adopting a locomotive, both for 
iiigh and slow velocities, by a very simple contrivance ; viz., by 
using wheels 5 feet diameter, when the load is light, nnd a great 
degree of speed is required, and substituting smaller ones, when 
the load ia heavy, say 2 feetC inches diameter, and a slow velocity 
only is necessary ; the power with the latter would be double that 
of the former, but they would travel at only half their velocity. 
An advantage is gained by quick travelling, as the momentum 
assists in overcoming the inequalities of the road, in a similar 
manner to the action of a fly wheel. One of Mr. Gurney's loco- 
motives, weighing 2 tons, drew 11 tons, inclusive of the engine, the 
road being hard and good, although it undulated. The width of 
the tires of the wheels were originally 2 inches, but he has 
found SJ inches a more advantageous width, particularly for 
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Mr. Hancock's common road locomotive was tlie first publi 
run upon a road for hire, which occurred in the year 1831 
which case the engine was adapted for the reception of passengers, 
and was capable of containing 16 persons, independent of the 
engineer and guide ; the machinery being situated behind the car- 
riage, and the weight was about 3j tons, without passengers, 
and exclusive of the engines, boilers, coke, wafer, &c. The 
inventor states, that it requires about 20 ininules to get up the 
«..Hu,cocii'iP.«nmouuicomoii'[. stesm, the same consuming 

1 bushel of coke, taking in 
water according to circum- 
stances — say every 8 miles, 
and about 7 or 8 cwt. at a 
time ; the carriage can be 
turned in little more than 10 
feet, and stopped in a mucl^ 
i-.ich ; the pressure of the steam i 




shorter space than i 
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boiler is much the same as in Mr. Gumey's^ but he has worked it 
at a greater pressure. The fire is blown by a rapid current of 
air produced by a fanner, which is turned rapidly round by the 
engine, instead of the draught being effected by a high chimney. 
One driving wheel is generally found sufficient ; but, on slippery 
roads and steep hills, both hind wheels are connected with the 
engine ; he has accomplished 1 mile up hill, at a rate of 17 miles 
an hour. 

It may be very fairly stated, that the several unsuccessful 
attempts that have been made to introduce locomotives upon 
common roads, have not been caused by any imperfection in their 
mode •of construction, neither are there any practical difficulties 
connected with them that could not be surmounted : their failure 
is wholly attributable to the obstacles which beset them, both 
public and private ; and until these are removed, it is in vain to 
expect perfection, or even a partial fulfilment of the duties required 
from engines for such purposes. 

A select committee of the House of Commons were appointed 
to investigate and report upon the subject of steam carriages, 
(road locomotives) in the year 1831, and, after examining several 
eminent engineers, came to the following conclusion : — 

" That sufficient evidence has been adduced to convince your 
Committee, — 

" 1. That carriages can be propelled by steam on common 
roads at an average rate of 10 miles per hour. 

''2. That, at this rate, they have conveyed upwards of 14 
passengers. 

'* 3. That their weight, including engine, fuel, water, and at- 
tendants, may be under 3 tons. 

*' 4. That they can ascend and descend hills of considerable 
inclination with facility and safety. 

" 5. That they are perfectly safe for passengers. 

*' 6. That they are not (or need not be, if properly constructed) 
nuisances to the public. 

" 7. That they will become a speedier and cheaper mode of 
conveyance than carriages drawn by horses. 
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accomplished by rubbing it between two hard eubstances, codsisI- 
ing generally of stone, and termed mal-stoafSi tbe operation being 
effected by the aid of machinery. 

All descriptions of wheel-work at the present lime are known 

by the general name of mill-toork, originating, no doubt, from the 
circuniBtance of this being one ol' its first applications. 

Mine, a term applied generally to underground works, 
cavations, when made for the purpose of obtaining metallic or«i, 
and other minerals. 

The body of the earth, as far as investigated, consists 
numerous strata, or beds, of various substances, differing exceed' 
ingly from each other in their appearance, specific gravity, chi 
mical qualities, &c., and the strata of the same district frequent 
varies considerably at very short distances ; the same descnptto)t>l 
of stratum also sometimes occurs in countriee far apart. The 
strata are traversed in all directions by cracks, or fissures, wbich 
are supposed to have been originally open chasms, but which 
are now mostly filled by substances differing from that of the 
accompanying rocks : when they contain minerals, or any kind 
of metal, they are called metallic veins, lodes, or covrses, which are 
otijy met with in what are denominated primitive rocks, as granite 
and slale, and they are usually found in a slanting position, 
running from east to west, and of various thicknesses and extent. 
When a vein runs of an uniform thickness, and in a straight line, 
it is called a rake; if its course is extended and swelled out in 
some places, and contracted in others, it is termed a pipe vein, 
the wider parts of the vein being termed ftoorg ,- the vein ia some- 
times divided into branches, when it is said to take horse .- in some 
cases a crtfts grain occurs, throwing it 10 or 20 feet out of its 
course, by lifting or heaving a portion of it up; and a vein is 
sometimes run to a mere thread, and at length completely lost, 
appearing again at a distance. When a vein falls, it is said to 
dip, the reverse being called the rise. The miners apply the name 
of pansahle metals to any sofl easy materials, as free-stone, and, 
the like ; and when a stratum lies in an inclined position, and ull 
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mately tenninatea at the surface, it is Baid to crop out. It is 
rather remarkable, that a. less quantity of water is encountered in 
mines under the sea than in ordinary excavations. There are 
coal-mines extending for miles under the sea along the coast, 
which are perfectly dry. 




The perpendicular line shows the shaft, and the inclined lines 
(in transverse section) the metallic lode ; the several horizontal 
lines being the galleries. The adit is represented by the level line 
at the upper part of the cuts. 

Mines are entered by three different methods, viz. — 1st, by 
vertical shafts or pits, similar to wells ; 2ndly, by day-levels, or 
adits, which are galleries carried from the side of a valley into 
the mine; and, 3rdly, by inclined planes, or rather inclined tun- 
nels, from the natural surface into the mine, which is a medium 
between the two former : they are generally laid with rails, and 
are sometimes very steep, being worked by water-wheels, or 
steam-engines. The working of mines was conducted originally 
in a very simple manner; and only such of the ore that could 
be easily removed was regarded. Tin is the first metal recorded 
by historians as having been worked in this country, which pro- 
bably occurred from its near connection with the surface of the 
earth. The ore is seldom found pure, although gold, silver, cop- 
per, and other comparatively soft metals are frequently met with in 
a state of purity ; it is therefore probable that they were sought for 
and discovered before iron. Doubtless, but iron, which is a very 
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plentiful metal, was also worked very early, although it very rarely 
occurs in n pure state. The vnst mountains of metallic ashes and 
cinders in the neighbourhood of Ashton, near Birmingham, and 
other places, are Buppoaed to be of very ancient origin, and to have 
been deposited from the eaiUest period of civilization in this coua- 
try. Lead was also early discovered frora ita striking appearajice, 
and its laying near the surface. Copper is comparatively of modem 
discovery in this country, not having been worked longer iban a 
century, owing to its generally laying at a greater depth than tin, 
which rendered it difficult to reach without the aid of proper 
machinery and tackle, which was not obtained until a compara- 
tively recent period- 
Strata, or beds of coal, of the best quality, are extremt 
plentiful in this country, more so than in any other part af 
globe ; and it is to this circumstance, that our great advance over 
other countries in the manufacturing arts is to he traced and 
ascribed. — See Coal Mine, Copper Mine, isc. 

MiTEE, the diagonal juncture of two substances, ae of wo( 
atone, &c. 

Mitre Deains, or Chobs Mithe Drains, the drains It 
within the metalling of roads to convey the water to the sit 
drains ; they are usually placed about 60 feet apart, and filled 
loosely with Hints. 

MiTEE Sill — See Lock. 

Mole. — See Breakwater . 

MoHTAH, a cement used for building purposes, composed 
lime, sharp coarse sand, and the hair of cattle, which should 
be thoroughly mixed together in a pug-mill, with a small portion 
of water, in the proportion of 1 of lime to 2 of sand, and w« 
chafed: the lime ought to be used as fresh as possible, 
should be kept under an enclosed shed ; it should also be empli 
as stiff as practicable, and the bricks or stones well saturat 
with water, if possible, particularly in hot weather. — See Lit 
Brick. S,. 

Mortice and Tenon, a description of joint usi 
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work. The extremity of 

one piece of timber is let 

into the face of anolhcr 

piece, a tongvie being formed 

at the end of Uie piece to 

be let in, which ia called a ^ _- - 

tenon, and the hole cut in ^■i;!., 

the face of the other is Jlll!' ' ■ 

termed a mortice. 

Natural or Quaeey Beds (of atone), the position in which 

e laminae lays in the quarries. It is highly necsBsary that all 
stone, particularly soft freestone, should be hiid upon the walls 
[in its natural, or quarry bed, parallel with the horizon ; when a 
itone is enclosed ou each side, it may be set with its laminte 
perpendicular to the face of the wall, as it cannot then flake off 
through exposure to the atmosphere or frost, 

Navigators, the name given to men working upon canals, rail- 
'Ways, &c. A tall man is considered to be worth more wages than 
a short one, inasmuch as he possesses a greater length of leverage. 

NoN- Con DEN SING Engine — See High Pressure Engine. 

Not (of a screw), a piece of iron used in connection with a 
bolt, which is pierced with a cylindrical hollow, throughout which 
a spiral groove is formed, corresponding with the worm on the end 
of the bolt. 

The nut ia screwed upon the end of the bolt, upon the latter 
being passed through the bodies to be held together. — See Bolt. 

Oblique Arch (commonly called sketi> arch), a brick in which 
the arch is formed aslant. 

It is necessary, in some situations, for one line of communica- 
ion to cross another in an oblique direction, on account of cir- 

mstonces preventing the diversion of either, or of their being 
right angles with each other ; the arch of the bridge ia 
therefore obliged to bo formed askew, according to the angle of 
^. The beds of the courses of an oblique arch con- 
isist of spiral lines, wound round a cylinder, every part of which 
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cuts the axis at a different angle, the angle being greatest at ihe ' 
key-stone and least at the springing ; imd when so placed, and 
viewed from beneath, they present the appearance of straight ' 
lines. 

Mr. G. W. Buck, C.E., was among the first who overcame tl 
difficulties attending them in a satisractory manner. The ake 
arch, constructed by him, over the turnpike road, at Watford, < 

In bridges of very great obliquity Mr, Buck cuts off the aco 
quoins of the abutments, gradually diminishing the edges of tli 
arch to the obtuse angles on the opposite sides, which is adva 
tageous both in point of appearance and stabiUty. 

Elliptical arches are the least suitable Tor an oblique plan, 
the spiral courses render them insecure and difficult to construe 
they are also more expensive than the cylindrical. The difEcul 
of turning skew arches also increases from 90° to 45°, which 
supposed to be the most unsafe angle for a semicircular arch ; tl 
danger is less from 45° downwards, and they may be safely bu 
at an angle of 25= nearly. 

The following cot represents a bridge with an oblique ac 
formed with sfiiral courses: — 
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ET, a ledge left at the junction of two different thi 
f a wall, being the upper surface of the lower portic 
er part of a wall being always less in thickntss than t 

ETB (in surveying), the several distances set off from 
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imaginary right line, or otherwise, and run along 
the side of a fence or boundary, for the purpose of 
measuring the situation of the bends; thus, in the 
annexed sketch, abed are the offsets required, 
which are plotted perpendicular to the principal 
line, and are usually taken with an offset staff or 
cross. 

Offset Staff, a rod employed in surveying, for 
measuring short distance]^ ; the most convenient 
length for which is 10 links of the chain, or 6 feet 
7.2 inches. 

Optical Square, an instrument used in sur- 
veying, for laying out perpendicular lines, ft is 
made of brass, in the shape of a circular box, 
and contains the two principal glasses of the sex- 
tant, viz., the index and horizon glasses, fixed at an angle of 45® ; 
therefore, while viewing an object by direct vision, any other 
forming a right angle with it, will appear, by reflection, at the 
spot where the observer is situated. This contrivance has almost 
completely superseded the use of the surveying cross. 

Paddle or Clough a panel made to fit the openings left in 
lock gates and sluices, for the purpose of letting the water in or 
out, as may be desired. 

Paddle Holes (sometimes called clough arches). The small 
culverts or drains connected with canal work — as the small pas- 
sages through which the water passes from the upper pond of a 
canal into the lock chamber during the process of filling, and 
through which it again escapes — ^which vary according to the 
construction of the locks. — See Lock. 

Paddle-Wheels, the wheels employed in the propulsion of 
steam-boats. 

Common paddle-wheels mostly consist of iron framing, sup- 
porting paddle-boards or floats fixed at equal distances around 
the rim, and radiating from the centre ; they are placed one upon 
each side of the vessel, and are secured to a strong shaft pass- 
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ing across it, which ib lurned round by the engines, each engine 
working a criink fixed upon it ; and are placed at right angles W 
each other. The accompanyii 
die -wheel : 

There ia a loss of power 
attending tliis description of 
wheel, oa account of only one 
of the floats striking the water 
in a vertical position at the 
same time, the action of the 
others being oblique; some of: 
them, in fact, backwater, or 
partially oppoee the motion of 
the vessel. Attempts have 
been made to obviate these 
defects by constructing im- 
proved wheels, the paddles of which maintain a vertical position 
in their passage tiirough the water, when in front of the wheel, 
by Laving feathering floats, and these are called vertical paddle- 
wheels; and have been found t' 





packets, where the paddle-wheels are deeply immersed 
water; but they are more liable to derangement than the ord 
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y wheels ; the floats may be made to leave the water t 
required angle. Mr. P. W. 
Barlow, C.E,, states the pro- 
portion of the power ex- 
pended on Morgan's vertical 

^—ivheels at 546, and of the 

^femer at 151 to 107. 

^B The Cycloidal paddle- 

^^Hieel forms the most recent 

^^nnprovement, and is said to 

^^■osaeBS the advantages 
each of the former, being 
effective and strong, yet 
eimple, in point of construction. It was patented by Mr. Gallo- 
way in the year 1S35, although first used by Mr. Field in 1833. 
The floats are divided into a number of parts, which are placed 
upon the wheel in the curve of a cycloid, so that they enter the 
water at the same spot, and follow one another so rapidly as to 
cause little resistance to the engine ; in passing the centre, there 
is full scope to their action, and in coming out they allow the 
water to escape readily from them. The Great Western steam 
ship is fitted with wheels of this description, by Messrs. Maudsley 

i^ind Field. 

^K The draught of the vesael is necessarily greatest at the 

^■bmmencement of a voyage, particularly if it should be a 

^Hong one, on account of the full quantity of coals for the whole 
voyage increasing the amount of tonnage, and other similar 
oontingenoiea ; the wheels are, therefore, immersed very deep 

^^p the water, which has the eflect of increasing the resistance ; 

^^■at this loss of power diminishes as the vessel proceeds. The 

^Hp^justing of the floats of paddle-wheels to the requisite depth of 

^Tmmersion is called Teefing the floats, and there is some difficulty 
connected with it; but this delect may be partly rectified with 
the cycloidal wheels, as the outer floats need not be fixed at 
but fitted on as the voyage proceeds; and the larger the 
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wheel, the less will the vessel be afl'ected by this defect, i 
diameter of the wheel increases in a greater proportion than the 
Variution of immersion of the vessel, the latter is consequently 
proportionately less than other vessels, when each are laden. 

Parallel Motion, on arrangement of parallel rods connected 
with the piston-rod of a steam-engine and the working beam, by 
which the motion of tlie piston is transmitted to the latter : this 
system is employed in all double acting steam-engines; but a 
chain was used to pull down the beam in single acting engines. 
The parallel motions of marine engines are situated below the 
cylinders, the beams being at the bottom part of the engine, — 
See Sleam- Engine and Steam-Boat. 

Parallel Rail. — See Edge Rail. 

Parapet, a slight wall carried up on the outer faces of bridges, 
quays, &c., and generally built breast high (or from about 3 feet 
3 inches to 4 feet), to prevent accidents to passengers and to the 
vehicles, by falling off; cast-iron railing and wooden fencing are 
aometiraes substituted for parapet walls. 

Passing Place. — See Siding. 

Paved Crossing. — See Level Crossing. 

Paved-Ways, a certain description of tramway, but formed of 
stone instead of iron ; it may be described as a medium between a 
road and a railway. 

Paved-ways possess great advantages over roads — the employ- 
ment of separate bodies for the wheels of the carriages to run upon, 
constituting B great improvement; a rough surface is thus obtained 
for the horsepath, and a smooth hard surface for the carriage-wheels, 
they are therefore very suitable for ordinary purposes; tliey also 
afford a great benefit from their surface being even with the road, 
and unencumbered with ledges of any kind, by which they arsj 
available for carriages of any gauge, or width, between the wheels, J 
which advantage is not possessed by either tramways or railway^,; 
The friction upon paved-ways is certainly much greater thaiM 
with the former; but the resistance operates beneficially in otherff 
respects, by offering a greater amount of adhesion to the wheela] 
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of the carriages. A locomotive cannot work usefully on a railway 

of very steep inclinations; thus, upon 1 in 15, or 20, it can 

barely propel itself, supposing it worked in the usual manner, or 

by the adhesion of the wheels only, whereas it could work very 

easily at these inclinations on a paved-way. Mr. Wood, in his 

Practical Treatise on Railroads, states, that an engine, drawing 

67.25 tons on a level, will only draw 15.21 tons up a rise of 1 in 

100 even with the adhesion of all four wheels. Therefore, as steep 

inclinations are not very objectionable upon paved-ways, it be* 

comes a question whether the present turnpike roads might not be 

converted into paved-ways, by having blocks of stone laid along 

them, which would be a ready plan of forming them, and they 

might be used by both locomotives and horses ; or a portion could 

be railed off, for the exclusive use of the former, by which all 

danger of coalition, and the like, would be avoided ; and this 

part of the road would not sustain any injury from the feet of 

horses and other cattle. 

The expense of forming a paved-way has been estimated as 

follows :— 

£ 8. d. 

First cost, per superficial yard 13 

Ten years' repair, at 4c?. per ditto .... 3 4 

Ten years' cleansing, at 3(?. per ditto ... 2 6 

18 10 
Deduct value of old stone 8 



Per yard, in ten years . . . 10 10 

Most of the London pavement appears to be laid down at an 
expense of 7^. to 10** per yard. 

The paved-way along the Commercial-road, London, is formed 
of blocks of granite, 16 inches wide, and 12 inches thick, which 
are laid in 5 and 6 feet lengths, the space between them being 
filled in with stone paving. The friction upon this road, when 
first opened, in good order and free from dust, (as dust increases 

2a 



the friction upon Iram-ways andpaved-ways considerably, viz., from 

(th to j-tli) did not amount to more than 12^th per ton, or the 
y^^th part of the load ; but tlie waggons having since created ruts 
on the surface of the blocks, it has consequently increased. Mr. 
Walker, under whose direction the way was formed, states tie 
annual maintenance and repair of it at £6 per annum, taking 
period of five years, and the cost was ^th cheaper than that 
any railway. It must not be forgotten that the above calculatioi 
of the friction was made when the atones were newly laid, free 
from dust, and in a high state of perfection, which it has since lost — 
the wear of a paved-way being very irregular; and in reference 
to the repairs upon same, it may also be remarked, that the line 
has merely been kept in order, not restored to its original state, 
is usually the case with railway repairs. 

Paving, a covering of stones laid or spread over roads; the flat 
paving laid down on the footpaths being generally termed /(/^^wy, 
or pavement, and a curb is placed between them, which keeps 
each in its place. 

The paving in common use consistB of square cut stones^ mostlj 
granite, and they are set in rows running across the road ; and th&" 
system of laying them down in diagonal lines, as lately practised, 
is considered an improvement. There are two descriptions of 
stone paving employed for causeways ; 1st, rubble causeway, which 
is the cheapest, the stones being 6nly slightly hammer- dressed 
2nd, aisler eatigeway, the stones of which are properly jointed and 
fitted, and are from 8 to 12 inches long, 5 to 7 inches wide, and 
12 inches In depth. A paved-way may also be described as 
description of aialer causeway. 

The experiment of wooden pavement has been lately tried 
this country, and with various success, but if is impossible 
judge of its merits, at present, any more tJian in a general way ; 
the wear, however, may be reasonably expected to be less than 
that of stone, although it is the dearest, in the first instance : the 
blocks are formed polygonal, and laid upon a bed of concrete, or 
asphaltiim. The system is said to have succeeded very well abroad,, 
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and there is one great advanfuge connected wilh i(, vi;;., tlie ab- 
sence of al! noise. The blocks laid down in the Old Bailey, Lon- 
don, ate hesagonal prisms, varying from 8^ to 9| inches long. 

Penstock, a sluice or floodgate employed to retain the water 
of a mill-pond, water-trough of a water-wheel, &c., and to let it 
off when required. 

PentaqRjLfh, an instrument used for reducing or for enlarging 
plans. 

Perbend, or Thohocoh, the term applied to the heading 
stones forming a wall, when they are carried through the whole 
thickness : if the stones only reach a part of the way through, 
they are termed binders. 

Pehpendicular Lift (on canals), a contrivance for passing 
the boats from one level to another. 

The perpendicular lifts on the Grand Western Canal, by Mr. 
James Green, C.E., have deservedly attracted much attention; 
they are intended to remedy the acarcity of water on that canal, 
by overcoming a great height at one spot, one of them having a 
46 feet lift: this hft consists of parallel chambers, somewhat 
Bioiilar to those of the common lock, a pier of masonry being 
carried up between them; and a wooden water-tight cradle or 
cistern, is lifted into each chamber, for the reception of the 
boats ; the boats carry about 8 tons, and are 26 feet long and 
6^ wide, drawing 2 feet 3 inches of water (whereby a canal 3 feet 
i sufficient for them), and the water is kept in both the 
upper and lower ponds by lift-up or stop-gates. Upon one of 
ibe cradles reaching the upper gate, it is secured to it water- 
^ght, hy a bolt and staple, and the doors of both the canal 
ind cradle are drawn up together by a winch gear fixed on the 
bide of the chamber : after sufficient water has escaped into the 
siadle, to cause ils descent, the doors are let down, and the cradle 
IS allowed to descend to the lower level, where it rests upon cross- 
beams, when, by a contrivance, it is forced dose to the lower 
stop-gate of the canal, and tendered water-light as before ; the 
lower gates are then raised, and the boat flouted out; tliree 
2 a2 
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sheaves, each 16 feet diameter, are fixed &t the top of tl 
chamber, for the purpose of raising and lowering the cradle 
shaft attached to same being supported by iron framing 
columna ) the two otiter sheaves simply support the chains, 
the centre one has a spur gear, In segments, fixed to it, whii 
works on pinions on each side, thereby giving motion to bevel 
gear, and diagonal shafts, by which a communication ii 
with hand winches fixed on each side of the chamber, when n 
quired ; thus, the machinery may be put in motion by thei 
winches, as well as by the gravity of the cradles j and a brake 
also attached to each of them, for regulating the descent of tl 
cradles: a eirong iron bar is fixed at the top of each cradle I 
which the suspending chains are attached ; whic^i latter pass over 
the sheaves, and the cradles are kept in a horizontal position, by 
means of an adjusting rod placed above them, in a horizootal 
position, to which they arc screwed up, as may be required. The 
length of the suspending chains are bo arranged, that when on^j 
cradle is at its proper level at the bottom of the lift, the other ii 
in a suitable position at the top ; and no more force is requiredj 
to put the machinery in motion than the power to overcome the 
vh inertiie and friction of ilie apparatus, which is obtained by 
making the length of the chain a trifie shorter than the heiglit of 
the lift, say about 2 inches, which produces a preponderate 
weight in the descending cradle of about 1 ton ; a sufficient spai 
IB left at the bottom of the chamber to allow of the coil of tl 
balance -chains, which are fixed beneath them, by which thi 
cradles are equipoised at whatever height they may be, and 
drain is laid from each : the aide and cross walls of the chombei 
are pierced by arches, which give light below, and afford acct 
to the several parts. The quantity of water consumed is aboi 
2 tons for about 8 tons of cargo ; whereas, in common locks, it 
about 3 tons of water to 1 ton of cargo. 

PiiRMA.vENT Wft.y, the finished road of a railway. The 
is applied in contradisliootion to the temporary lonij laid down fo 
the ])urpose of forming the line : the term is usually uudersto< 
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to refer to the rails, ballasting, spiking down of the chairs to the 
blocks, and fastening of the rails to same; also adjusting the 
gauge of way to the proper level and curve. The permanent 
rails are elevated above the surface of the ballasting rather more 
than an inch. — See Railway and Ballasting. 

TnasTene Section, showing one side onlj. 
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The annexed cut re- 
presents the permanent 
way of the London and 
Birmingham Railway, both 
with blocks and with 
sleepers. 



Plan, showing one aide only. 

Pier, a strong marine erection, commencing from the shore a 
rocky point being preferred) and jutting into the sea, extending 
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either in a curved or in a stiaight line, constituting a barbout Tor 
llie protection of shipping and other craft. Piers are generally 
constructed of strong masonry, with lender piles and framing : iroi^^J 
18 also adopted in some cases, after ttie suspension principle, s 
being called chain piers ; and timber piers of slight constructioi 
termed jetties, are sometimes erected, wliich are employed merel] 
for the purpose of landing goods and passengers. — See Harhom 
and Breahcater. 

Pier (of a bridge), the impost or wall from which the arche^ 
spring or abut. The tbiclmess of the upper part of the piers of 
bridges, appears, from the examination of some of the most cele* 
brated works, to vary from ^th (o ^th of the span of the arch ; the, 
piers of Neuilly Bridge are ^th of the span. 

The piers of wooden bridges were formerly built upon piles, 
termed stilts, in situations where they could not be laid dry, atr 
the bottom of the river, and the stilts were cut off at the level c 
low water-mark, the piers being carried up upon them ; they were 
also surrounded by a row of piles which were placed a few fed 
from them, and the place enclosed was called a starling, or jetty, 
and waa filled in with loose stones, or rough rubble work ; the 
arches were mostly commenced on the paving laid on the top of 
the piles. This method of erecting a pier was afterwards super-' 
seded by caissons ; and, lastly, by the adoption of coffer-dama.^ 
See Caisson and Coffer-dam. 

Pier (in buildings generally), a flat buttress projecting from 
the face of a wall ; the terra is also applied to any wall situated 
between two openings. 

Pig Iron, also known by the name of cast-iron and crude-iron. 
See Pig Iron. 

Piles, or Pile Timbers, the timbers driven into the earth for 
the support of structures and other works, when built upon t 
soil, whereby the foundation is rendered firm and stable. 

Buildings erected on marshy soils are frequently rested upon 
piles, which are mostly of round timber, and from 9 to 18 inches 
diameter, and placed about 2 feet apart, which are driven home 
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into some solid stratum, passing complefely through the loose 
earth, or upper stratum. The feet of the piles are generally 
■rovided with wrought -iron shoes, weighing from about 8 to 25lb. 

:h, and the heads are enclosed by strong iron hooping, to pre- 

it their splitting in driving; although they are sometimes 

iven without any : but a flat piece of wood, or a plate of iron, is 
laced on the head of the pile which receives the ram at the end 
h stroke, instead of the pile. Amsterdam and other cities 
are built wholly upon piles 

The stoppage of Dagenham Breach, on the Rivet Thames, by 
Captain Perry, about the year 1720 was accomplished by piles 
morticed info one another by a dovetailed joint. 

The foundations of walls are sometimes enclosed by square, 
or edge piles, termed sheet piling, which are driven close to- 
gether : they are more especially employed in works adjacent 
to the sea, and to rivers, marshes, &c., whereby the soil is pre- 
vented sinking by forcing Sat in a lateral direction. 

Pile-Dhiting MiCHiNE, a machine used for driving piles 
into the ground, consisting of a strong framework. 

The pile-driving machine usually employed at the present 
is composed of two pieces of wood, about 30 or 35 feet 

mg, which are placed in an iipright position, and rested upon sill- 
'^ieces, the space between them forming a slide oc gauge for tlie 
iron ram to be drawn up and run down ; the slides are edged with 
iron, a strong shoring-piece is secured upon each side, and 

ladder is also coimected with them, in the opposite direction, 

ith horizontal ties at different heights ; and the whole is further 
:d by stays and chains at different parts. There are two 
pieces laid across the sills, upon which a crab is placed, 
by which the ram is drawn up ; there is, an apparatus situ- 
ated immediately above the latter, usually called a monkey, for 
disengaging and again securing the ram after each fall, a chain 
being attached to it, which is carried over a pulley ! fixed at 
the top of the framing, and passed down again on the other 
>. The length of the fall of the ram is regulated 
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al pleoBure by a rope faslened to the monkey, which allows of its 
moving upwards to a certain extent, when its disengagement 
from the ram is effected : a pair of forceps, or tongs, have also 
been extensively used for detaching the ram. 

The accompanying cut represents one of the pile-driving mi- 
cttines used in building the embankment of the New Houses of 
Parliament : — 




Pinion (in mechanics), a small toothed wheel, which drives,'^ 
is driven, by a larger one. 

Pinning or Pinning in (in masonry), a system of we 
underpinning the bed of a stone, and employed when it is n 
properly squared, to supply any deficiences, and which is coni 
quentiy a very objectionable piactice. 
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tiFES, the name applied generally to the vessels employed for 
B conveyance of any fluid, and wiiicli are usually of a cylindrical 
fipe. 

The pipes used at the present time for water, gas, &c., are 
DBtly fonned of cast-iron. Water pipes are cast in lengths of 
fcet, the principal ones being called mains, and the others ser- 
—See Water Works and Gas Works. 
?isTON, a thin cylindrical body adapted to move within a cy- 
inder, and employed in steam-engines and pumps, being the body 
acted upon by the steam or air, as the case may be ; Jt is there- 
fore necessary that it should run up and down as nearly air-tight 
t possible ; they are sometimes formed of wood, with leather 
ilts nailed round the edges, but metal is the material in general 
B at the present time. Metallic packing is almost exclusively 
nployed for the pistons of aleara-engines, instead of leather or 
p coiling; the packing consists of rings possessing a tendency 
spring outwards, and they are further kept so by springs within 
I bocly or substance of the piston ; the metallic packing also 
©sents the least friction, and is the most durable. — See Sleam- 

le and Locomotive Engine. 
PiSTOiT Rod, the rod connected with a piston, being passed 
rough the centre of it, and secured by means of a screw or a 
; the other end of the piston rod of an ordinary steam-engine 
attached by a joint to the parallel motion, whereby its action is 
unmunicated to the working beam. In marine engines it Is 
cured to a cross head at the top, and in locomotive engines to 
B connecting rod. 
Plan', the name applied to a plot of land, or to a horizontal 
ction of any engineering work. 
According to the standing orders of the House of Commons, 
s for railways, &c.. ate required to be drawn to a scale of 
ft less than 4 inches to a mile, and the enlarged parts to a scale 
'not less than ^th of an inch to 100 feet. 

Plane, this term, as applied to railways, refers to each length 
a line of railway at the same gradient or inclination. They ate 
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of two kinds, level and inelined. — See Gradient, Inclined Plane, Sel^ 
acting Inclined Plane, and Stationary Plane. 

Plane Table, an instrument formerly much used in surveyui 
for taking aiigliis and laying down the work in the field as it w 
measured. The plane table consists of a board, upon which t 
paper is laid, and encloeed by a frame, graduated into degrees 
the centre, by which the lines can be easily plotted, and a compas 
is also connected to it. 

Planking, a term applied to a layer of planks, or to any othei 
timber (excepting fir), when exceeding 1^ inches in thickness. 

Plate Railwav. — See Tram Railieag. 

Plot, a plan, or horizontal section of any land, country, 
works —See Plan. 

Plotting, the operation of laying down the lines of a survey, 
by admeasurement, from the field-book. I 

In plotting a survey, it is generally customary to have thjH 
north upwards, the writing running from east to west. Upon tttel 
first line being drawn in the requited direction, the length of the 
second line is taken as a radius, and a curve described from the 
second slution ; another curve is then described from the other__ 
end of the first line, after the same system, by which the apex c 
the survey is found ; the adoption of beam 
compasses for this part of the operation is 
found very convenient, particularly if the // 

survey is extensive : the tie lines across the // 
survey (see Surveying) have next to be tried, i' 

and if found correct, the offsets may be laid 

off (see Offsets), the same system being followed out i 
maining portion of the plan. In plotting a field taken by chain' 
angles, it is usual to set out the angles to a much larger scale 
than that of the survey, by which a greater degree of accuracy 
is obtained. All angles taken by angular inatrumenls, as theo- 
dolites and sextants, are laid down by circular or semicirculai 
protractors. The whole of the main lines of a survey should be 
set oif before plotting the offsets. 
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Pldnger, a long solid brass cylinder, and sometimes employed 
as the forcer in force pumps,— See Pump. 

Pldmbbe Block, a carriage faefened on to any contrivance, 
tnd adapted to support a shall or axle. 

Pointing, a term applied lo tli« Bnishing of the esternal face 
^f the several courses of a wall. The common mortar is first 
icraped out, and (he joints and courses cleaned, when they are 
i up with fine mortar or Roman cement. 

PoLiNGS, the small boards supporting the earth during the for- 
mation of a tunnel. 

Post, any piece of timber, when used in an upright position, a« 
a king post, story post, &c. 

Portland Stone, a hard white sandstone procured from 
quarries in the Isle of Portland, and formerly in general use in the 
metropolis for both engineering and architectural works ; but its 
uae in engineering has been much superseded by granite, and in 
architecture by Gloucestershire stone. 

The merchantable beds of this atone are usually covered with a 
stratum called the cap, which is harder than the beds beneath it, 
and which is generally removed by gunpowder, 

Phiming (in steam-engines), the hot water carried along with 
the steam from the boiler into the cylinders, which is very objec- 
_tionable; various methods have therefore been resorted to of get- 
ing rid of it. 

Phi NCI PAL. — See Roof. 

Phismatic Square, an instrument used in surveying for mea- 
iiring horizontal angles only, and which are taken from the mag- 
ridian ; a graduated floating card being attached to the 
teedle. This instrument is very well adapted for filling in the 
telail of a map, being very portable ; but all the principal points 
liould be fixed by a theodolite. 

pROTEACTOR, a mathematical instrument used for.kying down 
Q paper the angles of any figure. The protractors mostly used 
^insists of a small brass semicircle, the ends of the ai'ch being 
sonnected by a straight rule, the outside edge of which consti- 
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tutes the diameter of Ihe outer circle ; the Bemidrcle is divuled 
into 180 parta, termed degrees, and represented thus ", as IC, 
and llicre is a small point in the diameter which marks the centre ; 
circular protractors are also much employed, the divisions being 
numbered from ", Kf, 20", &c., quite round to 360°, the some as 
the theodolite, which the protractor represents. Protractors are also 
made in the form of a parallelogram, and graduated from a centre 
on the lower edge, which represents the diameter of the circle, to 
divisions marked oS for the degrees. 

Puddle, a mixture of good tempered clay and sand reduced 
to a semifluid state, and rendered impervious to water by manual 
labour, as working and chopping it about with spades. It is used 
for the purpose of retaining the water in any particular situation, 
or for excluding it from any works : and it is usually spread 
layers of about 12 inches in thickness. 

Punning. — See Claying 

Pump, a machine for raising fluids, by means of pisti 
buckets, working in lubes, valves being also placed 

Pumps may be deEcribed generally as being of tivo kindail 
Ist, those which operate upon the lifting principle, and termed 
lifling pumps ; 2ndly, those of the forcing description, termed 
force pumps. Lifting pumps are applied to wells where the height 
docs not exceed 33 feet, or 30 inches in practice, as in the case of 
the pump in common use, and known by the name of the suelion 
pump, which consists of two tubes ; the end of the lower oni 
termed the suction pipe, being placed in the water to hi 
and the higher tube, called the barrel, is furnished with 
at the top, for the escape of the water, a valve opening upwi 
being placed at their junction ; a piston or bucket is moved 
and down the barrel, perfectly air-tight, by mt 
handle fixed at the top, a valve is also placed in it, openii 
upwards. Now, as the bucket is moved upwards by the handle, 
the air below escapes by meana of the stop valve, but it cannot 
again return: the whole of Ihe air is thus removed 



4 



I pipe. 



on Ihe : 



I as in the i 



r-pump. 



The 




I 

I 
t 



length at which the water will rise is ptoporttonate to the length 
of the stroke of the piston, and it continues to 
rise higher at each stroke until at length it 
passes out at the spout. 

This description of pump consequently ope- 
rates by the pressure of the atmosphere from 
without, which forces the water upwards, by <* 
reason of the vacuum formed within it, the air 
being equal to a column of water 33 feet high. 
The water may be carried higher by fixing ad- 
ditional tubing at the top of the barrel, and 
shifting the apout to the upper part of it, and 
this may be extended to whatever height (he 
force and strength of tlie pump will admit of; the handle, or 
prime mover, must also be fixed at the upper end of the delivery 
pipe, and the piston rod proportionately extended ; but this 
arrangement is unfit for very great depths, in consequence of the 
bending of the rod, unless cast-iron pipes are employed, when 
small pieces with projecting arms may be fixed at each joint of 
the pipe, about 10 or 12 feet apart, to touch the inside of ihe 
pipe. 

The force pump acts by compression, instead of by exhaus- 
tion ; and it is mostly employed for great depths, as for mines, 
also for supplying boilers against the force of steam, &c, ; it does 
not differ much in construction from the former ; 
no feed or suction-pipe is required, as the barrel ' 
extends below the water. The piston works in a 
frame, a, a, or some other convenient contrivance; 
and the water moves upwards at each upstroke i 
through the valve in the top of the piston j the rising I 
pipe b, which delivers it, may be continued to any , 
height ; the barrel e, c, is also filled again at each stroke. 
Force pumps, which take advantage of the pressure of the at- 
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The accompanying cut representB a lift and force 
pump, as generally oonBtrucf.ed. The feed pipe 
dips into the water to be riiised, and muy of course 
be of any height not exceeding 33 feet ; the supply 
upwards is rendered continuous and regular, by 
means of an air-cbarabcr o, a, the elasticity of the 
nir within it acting upon the aurface of the water 
(gee Air-ehavtherJ ; the barrel is sometimes covered 
over, a stutling-box being fixed in it for the piston 
to slide in. 

The length and leverage of a pump is termed the stroke; and 
Mr. Tredgold stales, in reference to the pumps employed in 
draining mines, that the stroke should not exceed 8 feet, and 
that the velocity of tlie piston should be no more than 98 times 
the square root of the length of the stroke. There have also 
been several attempts made recently to introduce pumps worked 
by a continuous rotative motion, and with considerable s 
See Drainage of Mine». 

PURLINE. — See Roof. 

PuzzoLANA, or PozzoLANA, a Celebrated natural cement, form« 
of volcanic ashes, and of great service in hydraulic works, a 
small portion of lime hardens it very quickly, even when applii 
under water. 

Quarry, an artificial excavation formed in rocka or in rock^ 
ground, for the purpose of obtaining marble, stone, slate, and t] 
like. Blocks of freestone are usually dravm from the quarries a 
follows, the ground is first vncapeil by removing the soil, and 
the grain is esamined ; the direction of the beds of laminae is 
called the cleaving grain, and those in the contrary direction the 
breaking grain; the quarrymen then drive wedges into ihe stone in 
the direction of the cleaving grain, until they loosen the block, 
they then proceed with the other side, and allerwards with th^ 
ends of the blocks ; the wedges are driven about 6 or 8 inchel 
apart, and the whole of the wedges on one side are drive 
same moment, the strokes being delivered with exact regularity. I 

Hard stones are quarried in a somewhat similar manner, viz^J 
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by means of channels, in which wedges are driven, but stronger 
implements are obliged to be used ; iron bars are sometimes em- 
ployed for confining the wedges in their proper position during 
the operation. The blocks are also soraetiraes separated by the 
_ aid of gunpowder, the operation being called blasting, but a great 
^Htooste of stone is caused by this plan in consequence of its irregu- 
^^Barity. In some quarries the blocks may be obtained of almost 
^Bbny dimensions, while others only furnish blocks of a limited size, 
I owing to the peculiarities of their formation ; quarries situated 
close to the sea, or to rivers and canais, possess great advantages 
over others, an easy communication thereto being of great import- 
ance. The stones quarried for the purposes of building are 
usually raised and squared out roughly into an even shape, and 

I the builders afterwards cut them to the forms required. 

^K Queen, or QuEEN-PoaT. — See Roof. 
^H Quick Lime. — See Lime. 

I^K Quay, or Key, the name applied to a long wharf by the side 
of a harbour, river, or canal, for the purpose of landing and ship- 
ping goods and passengers, being furnished with cranes and cap- 
Iatans, also mooring posts, rings, &c. 
A, A, side piles, rn.l:..tr,cSrclluini(ii-nmb.^-*Ji.i! 

...... — 



B, B, side wales. 

C, C, cross beams. 

D, D, lop beams. 

E, E, side braces, 

F, F, fender piles. 
The quays of harbours 

' are generally formed by 
retoinin gwallsbeingpro- 
periy supported by coun- 
terforts, andbacking fen- 
der piles are also fixed in 
the front to protect them 
from injury. 

Timber is also much 

^employed for this pur- 
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poae on the banks of rivera; the accompanying sketch (see Cut ok 
last page) represents a portion of a timber-quay ; no other kind 
of material 13 used in ArocTica for this purpose, it being very plen- 
tiful. The piling in general need not go further into the ground 
than is sufficient to take a firm hold. 

Cast-iron piling has also been very Buccessfully employed for 
the protection of wharfs, as those recently constructed at Black- 
wall and Deptford, the main piles being formed with rebates on 
each side, into which the sheets are driven, and the former are 
secured at the back by stays and a thick bed of concrete ; great 
care is necessary in drivuig iron piles on account of their greater 
liability to fracture, compared with those of timber. 

S, P, stay piles. 

M, G, main piles. 

G, P, guide piles. 

L, T, land ties, 

QcTOiN, the name 
given to the corni.Ts 
of stone and brii I. 
walls, but referring 
more particularly to 
the stone edging 
sometimes employ- 
ed in brickwork [ if 
the stones project 
before the face of 
the wall, and have 
chamfered edges, 
they are termed rus- 
tic quoins. 

Race, or Race Course, the cut ot cana! along which the 
water is conveyed to and from a water-wheel. 

Rack, a straight bar, having teeth or cogs similar to those on a 
toothed wheel. 

Railroad, or Railwav, an improved description of roadway, 
of modem invention, having been used from about the year 1600 ; 
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railways or tram-ways, as they were first called, were originally 
formed of wood, this plan becoming perfected in the double way. — 
(See Cuts in Tram-way J 

Cast-iron tram-plates were next employed, then wrought-iron, 
and at length wrought-iron edge rails were adopted ; these several 
description of rails are detailed under the heads of Tram Railway 
and Edge Railway. 

Railways were first used in the collieries, particularly in those 
of the north of England, and horses were exclusively employed 
upon them for many years, and very little attention was bestowed 
upon the gradients or inclinations of the road ; the horse was con- 
sequently obliged to exert himself according to the utmost of his 
power for a short distance, afler which he might not be required 
for some time, and it was customary for the men to unhook him 
and allow him to follow afler the waggons, at very rapid descents, 
where the gravity was suflBcient to propel the waggons. Acci- 
dents were very' common upon these runs or inclines, although a 
brake or convoy was employed to check the waggons, but they 
were frequently prevented acting in wet or damp weather, owing 
to their imperfect construction and the steepness of the planes ; 
ashes were sometimes strewed over the rails, to assist the working 
of the brake, notwithstanding which the works were oflen stop- 
ped ; thus, if a sudden shower occurred when a train was descend- 
ing a very steep plane, it let them down at a fearful velocity, and, 
despite of ropes which were drawn across the railway to stop 
them, fatal results sometimes ensued, as the ropes were frequently 
broken. These early railways generally descended in the direc- 
tion of the delivery of the goods conveyed upon them ; the wag- 
gons were, therefore, easily drawn back when emptied. The gross 
load upon the wooden rails was about 2 or 3 tons, but upon the 
introduction of iron tram- rails, a horse took nearly double, whereby 
the velocity of the train down the inclined planes was much in- 
creased, which is supposed to have originated the idea of self- 
acting inclined planes. 

2c 



104 



RAILROAD. 




Thum httvu boon many difforont descriptions of rails pro- 
poMOil lit viiriouR periods, amongst others was the oval rail, 
oxooutod on tho Ponrhyn Railway, by Mr. Wyatt, in the 
yf}M IHIHK 

It wan about 4 inches deep, and cast in lengths of 4 feet 6 
inoUoM* witli a plug at each end, which was let into the stone sEOs, 
ouoh length weighing ^ibs« ; and the wheels run upon these nik 
ha\l oonoave rims : but it was found in practice that these rails iki^ 
a ten\leney to wear out Yery quickly» when others 
quenl\y »ub»tiuited« 

Mr. WvHHthouM^ $ '* Patent RaiK * dated 1803, are 
ui\Mi* I— ^W CV*^; 
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^H Fig. 5, Transverse section, in which both the rails and aleepera 
^^■re worked in stone paving. 
^B Fig. 6, Section of the rail enlarged. 

'■ ' It may be briefly stated, that wrought-iron parallel edge rails, 
set on chairs, are now very generally adopted, tlie weight being 
about 65 lbs. to the running yard. The system of continuous bear- 
ings is also employed on some lines of railway. The steam-engine 
B applied to railways, shortly after its application to mechanical 
OSes generally, or about the year 18U8, (at which period 
s employed in drawing the minerals from the pits) -, its action 
s at first applied upon the ascents only, a rope being extended 
a the steam-engine, and made fast to the waggons, whereby 
■e drawn up — which system was afterwards introdnced upon 
e remaining portions of the line ; and it continued in use until 
the invention of locomotive engines, which were then run upon 
the level portions, and the fixed engines were confined to the 
inclined planes. Horses may be described as preferable to loco- 
motives when the amount of goods to be conveyed is small, and 
the distance short, particularh >f coal is scarce upon the line ; 
and there is another great advantage attending animal power over 
mechanical, viz., that the deEiee of force may be varied accor- 
dingly as may be required, but of coarse, within certain limits. 
Locomotives are the most suitable where di&patch is required, and 
the goods to be conveyed are light aad valuable ; also, where many 
passengers are expected, and the line ia of some length and pretty 
level ; and the system of fixed engines is the best for a hilly country, 
where the levels do not admit of sufiicient adhesion for the wheels 
of locomotives. The practice of putting two engines to a train is 
not considered so advantageous as dividing the train into two, and 
putting an engine to each, as that engine travelling the fastest 
does the largest proportion of work. 

The American railways were originally formed of limber beams, 
upon which flat iron bars were laid; upon these being found ob- 
jectionable, on account of their premature decay, stone was used 
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great variationa of the weather 
raided this plan : a foundation of limber was then subatitutedj 
which is the plan now mostly adopted. The Alleghany Postage 
Railway, constructed by Mr. Roberts, C. E., in the year 1835, is 
formed of while oak longitudinal pieces, 10 inches by 10 incheB, 
imbedded in the ground ; cross transoms of locust tree, 8 inches by 
6 inches and 7feet 6 inches Song, are laid athwart them, notched 
and trenailed, and upon these the chairs are bolted ; the rails are 
laid about 3 inches to 3| inches high, and from 3j inches to 
4^ inches on the base. 

^Tbe resistance to the motion of a carriage upon a railway ari 
from two causes, — 1st, from the friction of the several parts of 
machine, aa described under the head of Friction; and, 2ndlyj 
from the resistance offered by the air and wind : the atmosph< 
equally opposes the passage of the stage coach, the track-boat, 
and the steam-boat; but the motion of these vehicles being com- 
paratively slow, and the power required to overcome the friction 
encountered being very greut, the resistance of the air is disre- 
garded in their construction, but a very large proportion of th* 
resistance upon railways is attributable to it, as the atmospherio 
resistance is supposed to vary in the sijuare of the velocity ; a 
higher velocity on a railway than 35 miles au hour has therefore 
been deemed inexpedient with the present engine powers : the 
expense attending any further increase of speed would also be 
very great. The average speed of thti first class passenger trains 
upon public lines of railway varies from 20 to 30 miles an hour ; 
there has been a few instances of on engine, with its tender, ac- 
quiring a very high velocity— as 15 miles in 15 minutes. The 
effects of high winds upon a railway train is very considerable, 
particularly side winds, as they press the flanges of the wheels 
against the rails, thereby impeding their progress, and increasing 
the wear and tear much. Public lines of railway, (as the London 
and Birmingham,) are generally made 33 feet wide in excavations 
(see Excavation), and 30 (eel on embankments fsee Embankment J , the 
difference being caused by two drains, each 18 inches wide. 
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which are required at the bottom of cuttings, one upon each side 
the line : the surface of the ballasting or road is laid a little con- 
vex, to carry off the water ; and two or three yards should be 
allowed on each side for fencing and ditching. The width between 
the rails is 4 feet S\ inches upon the principal railways through- 
out the kingdom, (as the London and Birmingham and Grand Junc- 
tion Railways — although it is made 7 feet upon the Great Western), 
and the intermediate space in the centre between the trackways 
is usually about 6 feet, and it is of similar width as the space be- 
tween the rails upon some lines — as upon the Newcastle and Car- 
lisle, and the Leeds and Selby Railways ; and the side space, or 
the distance on the outside of the rails, is generally about 5 feet — 
as upon the London and Birmingham and Grand Junction Rail- 
ways. 

The following table shows the average expense of working the 
Liverpool and Manchester Railway, from the year 1831 to 1834 : — 



Merchuidizc , per ton 
per mue. 



HEADS OF CHARGE. 



Useful 

load or of 

goods. 



Gross 
load. 



* Locomotiye power . . , 
-f* Maintenance of railway . . 
r Upholding carriages 
* Conducting coaching 
_Duty on passengers 
Upholding waggons 
Conducting trafSc . 



Coaching 

Carrying ^ 

goods 
General expenses 



Total cost 



0.55 
0.307 



0.227 

1.08 

0.354 



2.518 



d, 

0.36 
0.233 



Passengers. 



Per pas- 

seng^erper 

mile. 



0.159 

0.76 

0.248 



1.760 



d, 
0.27 
0.085 
0.054 
0.104 
0.071 



0.091 



0.675 



Per ton 

per mile 

gross. 



Aggregate cost, 
per ton per mile. 



I 



Usefal 

load or of 

goods. 



d. 
0.73 
0.233 
0.146 
0.282 
0.216 



0.248 



d, 
0.73 
0.307 
0.082 
0.158 

0.09 4 
0.463 
0.354 



Gross 
load. 



d. 
0.51 
0.233 
0.058 
0.111 

0.067 
0.324 
0.248 



1.855 






2.188 



1.551 



The preceding Table does not include the cost incurred in laying 

* The cost of locomotiye power differs according to the locality of ^he rail- 
way. The London and Birmingham Railway Company have contracted for 
their motive power at O.Obd. per ton per mile for goods, and 0.25d, per mile for 
passengers. 

t The average expense of maintenance was £422. 13«. 6d, per mile. 
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down new rails where required, us such contingencues wouM 
be likely to occur on unolher line, neitlier the iitleresl paid 
capital, or iho cost of carriage at each end of the line. 

The annual cost of private railways is much less, as will be eeeo 
by the following Table — which shows the expense of working a line 
adapted for the conveyance of heavy goods, or for a mixed traliic, 
where the latter is such that a maximum effect can be produced in 
the conveyance of heavy goods, without interruption to the gene- 
ral traffic of the line, and where the goods are generally carried in 
one direction only, the carriages having to be brought back empty 
in the other direction — deduced from the coat upon the Stockton 
and Diirlinglon, the Seaham and Clarence, uad other railways : — 



Locomolive power or haulnge 

Maintpnnncc of railway ' . 

Upholding waggons, including loading and unloading coals 
General eipenacs 

Total cost 



' railways : — ^^J 

FhIiI iHd. OtHi 1»1 I 



0.191 

0.1 04 
0.133 



The following Table gives the comparative average costof con- 
veying goods and passengers by locomotive engines on railroads; 
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Dr. Lardnor h;ia lately ra.idii 



! inlereating discoverii 



^ 



lilway constants, wliich he communicaleJ (o the last 
Sessions ol" the British Association, held at Birmingham, and 
which confirmed the opinion that he had given in 1835, before a 
Committee of the House of Lords, viz., tliat " a railway lidd down 
with gradients from 11) to 20 feet per mile, would be for all practical 
purposes nearly, if not altogether, as good as a railway laid down 
froin terminus lo terminus upon a dead level,'' as he considered 
ttiat a compensating effect would " be produced in descending 
and ascending the several gradients, and that a variation of speed 
in the train would be the whole amount of inconvenience which 
would arise; that the time of performing the journey, and the ex- 
penditure of power and maintenance of way would be the same in 
both cases : and he therefore advised that no considerable capital 
should be expended in obtaining gradients lower than those 
abovementioned," 

He stated to the meeting, that he had since proved this theory 
upon the Grand Junction Railway, where he found that the mean 
speed in ascending and descending to be the same as the usual 
rale of the same engine upon a level, the difference amounting to 
no more than the casual variations constantly occurring in the 
moving power, the surface of the rails, commonly regarded as level, 
being in reality subject to continual variations of inclinations for 
short distances. He also stated, that the form of the front of the 
waggons had no influence upon atmospheric resistance, but by 
ng the whole volume of the train a material increase was 
produced in the resistance of the atmosphere. 

The motion of a train down an inclined plane has been generally 
■considered to be uniformly accelerated ; i. e. an increase of velo- 
city takes place every second of time, being the speed due to the 
gravity of the plane, and the resistance due to the friction of the 
carriages only was calculated as being the sole check to the velo- 
ity ; the effect of the atmosphere, or anything else which might 
reduce a retardation, increasing with the speed, was wholly neg- 
icted, being considered of comparatively trifling amount ; but 
;ibe learned Doctor proved by tliese experiments, that the degree 
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of acceleration was grnduatly diminished as it run down the plane, 

instead of increased. The former theory would cenaiuly hold good 
if there was no olher resistance but that arising from the friction, 
and tbe speed would then be diminished by the amount of velo- 
city destroyed by the friction of the train only. Now, as the force 
of gmvily is well known, (also the effect produced by an inclined 
plane, of given inclination, in diminishing the intensity of same), 
finding the amount of resistance occasioned by the friction, 
consequently an easy calculation, all other resistance being disi 
garded, or the acceleration due to gravity could be calculal 
and the actual acceleration moving down the plane observed, 
difference being supposed to give the retarding force due to 
resistance. 

According to this new theory of Dr. Lardner, if an incluu 
plane of sufficient length could be attained, the motion of a train 
would continue to be accelerated until a velocity was acquired, 
which would produce " a resistance from the air, such as com- 
bined with friction, would be equal to the gravitation down the 
plane ;" upon such velocity being obtained, the moving weight 
biiug equal to the resisting force, no further acceleration would 
take place,* 

As it was thought that inclined planes of sufficient li 
were not accessible to try the accuracy of this theory, it occuri 
to the Doctor that the end would be equally attained by starting 
the train from the lop of an inclined plane, at a considerable 
speed, as the acceleration it would receive while descending, 
added to the speed with which it started, might be expected to; 
give that velocity at which all increase of speed would cease, and' 
an uniform motion be maintained to the bottom of the plane ; and 
this anticipation was realized by experiments, and an uniform 
gravitation or velocity was produced, which was regulated by the 
load ; when the latter was increased the velocity was increased, 

■ The angle of repose upon a railway may be cited as a comparative con- 
stant to this, occumng when the gravity of the plane and friction of the load 
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its motion being accelerated for a abort distance from starting, 
but at lengtb becoming uniform in every case, the velocity dimi- 
nishing with the steepness of the plane. It was found that the 
same general principle applied to trains of whatever magnitude ; 
he also ascertained by these experiments that the common esti- 
mate of the resistance upon inclines is erroneous, being taken at 
the same as the resistance upon the level portions, or about ^^^th 
of the load; whereas it was found that the actual resistance at high 
speeds very considerably increased, compared with it when the 
motion was slow. The motion of a train for about 100, 200, or 300 
yards was found to give a very small degree of resistance, when 
started with little velocity, viz., from y^oth to y^^j^th of the load, 
thereby showing that the atmosphere was but slightly affected by 
the same, although it amounted to from -g^ to lij^ih. of the load, 
when the initial motion was very great, the state of the weather 
and the direction of the wind were also found to influence the mo- 
tion of the train very considerably ; a great portion of the force of 
the engine is also absorbed by the wheels of the carriages, owing 
to their velocity and their great number, they may be said to 
act against the atmosphere, and the air for some distance round 
them is also affected, and which forms part of the resistance op- 
posed to the moving power. The uniform velocity above described 
was precisely the same upon the curves as upon the straight parts 
of the line, the former being of 1 mile radius : the Doctor therefore 
concludes, that curves of that radius have no perceptible effect 
upon the resistance. Dr. Lardner described his conclusions to be 
as follows, reserving to himself the power of modifying them when 
his experiments shall be all reduced. 

1. That the resistance to a railway train, other things being the 
same, depends on the speed. 

2. That at the same speed, the resistance will be in the ratio of 
the load, if the carriages remain unaltered. 

3. That if the number of carriages be increased, the resistance 
is increased, but not in jso great a ratio as the load. 

4. That, therefore, the resistance does not, as has been hitherto 

2d 



supposed, bear an invariable ratio to Ihe load, nnd ougTa not to i 
erpreaaed at so much per ton. 

5. That the amount of the resistance of ordinary loads carrief 
An railways at the ordinary speeds, more especially of passengt 
trainB, is very much greater than en^neers have hitherto &up| 
posed. 

6. That a considerable, but not exactly ascertftined, proportion 
of this resistance is due to the air, 

7. That the shape of the front or hind part, of the train has n 
observable effect on the resistance. 

8. That the spaces between the carriages of the train have n 
observable effect on the resistance, 

9. That the train, with the same width of front, suffers increaaei] 
resistance with the increased bulk or volume of the coaches. 

10. That mathematical formulce, deduced from the supposition 
that the resistance of railway trains consists of two parts, onM 
proportioned to the load, but independent of the speei 
other proportional to the square of the speed, have been applie 
to a limited number of e.-cperiments, and have given results in 
very near accordance, but that the experiment must be further 
multiplied and varied before safe, exact, and general ooncluaioii^ 
can be draivn, 

11. That the amount of resistance being so much greater ihad 
has been hitherto supposed, and the resistance produced by curvaT 
of a mile radius being inappreciable, railways laid down wi^ 
gradients of from 16 to 20 feet a mile have practically but" 
little disadvantage compared with a dead level ; and thai curves 
may be safely made with radii less than a mile ; but that further 
experiments must be made to determine a safe minor limit for the 
radii of such curves, this principle being understood to be limited 
in its application to railways intended chiefly for rapid traffic. 

Attempts have also been made to introduce a Pneumatic raily-B 
way. Mr. John Vallence was the first who thought of emplo; 
the natural pressure of the atmosphere operating upon a partid 
vacuum, for tlie purpose of transporting passengere and goodt 
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from place to place ; he proposed having cast-iron cylinders suffi- 
ciently large to allow the carriages and passengers to pass through 
them, which latter were intended to act similar to pistons; he 
caused a model to be constructed with which very satisfactory 
experiments were made, but Mr. Henry Pinkus subsequently im- 
proved the above plan, by transferring the action of the piston 
from the inside to the outside of the tubes, a model of which has 
been lately exhibited, and a company also formed for carrying 
out the scheme ; a guide -carriage is connected with the piston on 
the outside, and termed the governor, which drags the train of 
carriages along the top of the tube, similar to a locomotive, the 
tube being from 3 feet to 3 feet 6 inches diameter, with ledges on 
each side, on which the wheels of the carriages revolve ; if the 
carriages are proposed to be run on rails already laid down, or the 
power be employed to draw barges, the tubes need not be above 
2 feet 10 inches to 2 feet 4 inches diameter, and they would be 
cast in lengths with regular socket joints. The pistons are in- 
tended to be worked and the cylinders exhausted by stationary 
air-pumps worked by steam-engines, and the distance between the 
stations would be regulated according to circumstances. — See 
Continuotts Bearings, Edge-railway, Tram-railway SfC. 

Railway. — See Railroad. 

Railway Link. — See Draw Link, 

Railway Slide, a contrivance employed on railways, for the 
purpose of shifting a carriage from one line of rails to another, 
consisting of a platform running upon wheels, upon which there 
are two or more pair of rails of similar gauge to those employed 
on the line ; the slide is generally placed at the extremity of the 
main rails of the line, and it runs transversely across it ; upon a 
carriage being wheeled on to the slide, the latter is moved in the 
direction of the line of rails to which it is required to be transferred, 
when it is run off. 

Rafters, the beams employed in supporting roofing. Rafters 
ar#6f two kinds, viz., principal rafters, and common rafters ; the 
first are employed to carry the purlines, and the latter lay above the 
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purlines, and support ihe slating or liUitg. as the case may be, — i 
See Roof. 

RiTCH, a bar contmiung angular teeth, ialo wbich a paul iB- 
dropped to prevent miichinFa from running back. 

Ratchet Wiieel, a circular ratch. 

Reciphocating Enci\e, any steam-engine worked by an alter- 
nate rectiliniar motion, and which is effected by means of pistoi 
moving in cylinders. — See Fly-wheel. 

Reciprocating System (on a railway,) the reciprocating pli 
of working railways was introduced by Mr. Benjamin Thompsi 
in the year 1821, who applied it very succeBsfully. It consists 
a succession of stationary steam-engines along the whole line, 
which are fixed about 1| miles apart, having ropes from one to 
the other, rollers are fixed along the line to receive the latter. 
When a train of can'tages leaves a station, it is secured to the 
rope, and is thereby drawn along the line, in which case the ropo 
is termed the head rope, and another is secured to the last waggon, 
which is called the tail roper which is thus pulled along by the 
train, upon returning it becomes the head rope, and the former 
the tail rope, thus alternating to and Iro. A railway may be 
worked by stationary engines, but it does not necessarily folb 
that it should be upon the reciprocating system; thus the Brun- 
ton and Shields Railway has five continuous planes worked 
them, but only one can be said to be upon the reciprocating prin' 
ciple I as the loaded woggons ran of themselves upon three of tl 
planes by the effect of gravity, the rope being used merely 
draw tlie empty ones back, and upon the remaining plane the ro] 
draws up the loaded waggons, the empty ones returning of thei 
selves 1 it «iL therefore be perceived that on the last four pli 
one rope only is used, and the plan pursued appears to be 
advantageous. 

Resekvoir, a lai^e pond containing a body of water, and em- 
ployed aa a means 'of supply for hydraulic works, as for the sum- 
rait levels of canals, water-wheels, &.c. ; they are usually form( 
means of dams or embankiiienls. 
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Rbtaininq Wall, a wall used for the support and mainte- 
nance of a body of earth, when circumstanceB render it inexpe- 
dient to slope the same gradually down. 

Retaining walls are sometimes used where land . 
is valuable, and are battered on the outside face 
from 1 inch to 1 j inches to the foot ; the greatest •■ 
degree of batter (which is usually curved) being 
given to the foot of the wall. 

Counterforts are generally carried up at the back 
of the wall, and piers are placed sometimes c 
the face of it—Sre Batter. 

Retobt. — See Gaeworkt, 

Rib, a term applied generally to a girder, but i 
more particularly to an arched beam, as to the 
segments of a cast-iron bri^e. 

Rigger. — See Sheme. 

River, a natural water-channel communicatii^ with the sea. 
Rivers are formed by the imion of springs, brooks, rills, &c., and ore 
the natural channels by which the surplus water of a country is con- 
veyed to the ocean, fertilizing the land, and affording a means of 
transport by navigation throughout their course ; they usually take 
theirrise in elevated situations, at the top of high mountains, where 
the spring rises, and they receive numerous tributaries in the 
course of their descent, and at length after numerous meanderings 
they acquire a considerable width; these springs are generally 
supposed to arise from the condensation of atmospheric vapours, 
thawing of ice, snow, &c.,and some other natural causes. Altera'' 
lions irequenlly occur in the courses of rivers, particularly near 
their mouths, arising from the force of the current, some parts 
becoming depressed and others raised. The velocity of a stream 
is usually greatest at about the middle, both as regards breadth 
and depth ; it is consequently least at the sides and bottom. 

In order to insure a proper depth of water for the barges navi- 
gating rivers, it is found necessary to preserve them by artificial 
B by sustaining the banks on each side, (which also 






protccla Ihe udjatciit cuuntry fiuni inundtttiuD/ by removiiig all 
elioalsanci obstructions, and by varioue other works. If tli« widlb 
of u rivtir be incceased beyond its natural limits, or titaX reqniied 
for carrying off llie various land streams and floods, a redac- 
tion in depth will be the natural consequence ; if on tbe contrvr, 
the river is contracted or narrowed, it will acquire in depth what 
has been taken from it in width ; a constant expense is therefore 
necessary in preserving its nttvlgation. Rivera are sometimes 
widened for the purpose of facitilating the trade upon them, when 
every means should be taken to secure suJEcient depth, and tiie 
nature of the soil, of the bollont and aides, duly considered ; aUo 
the velocity of the current, and every obstacle interfering with the 
free tidal flow of the sea-water upwards should be removed, all 
banks, shoals, and obstructions being cleared away : the current 
shoidd be carried to the utmost point, by deepening and widen- 
ing the entrance channel, tbe water will thus rise higher, and the 
velocity of the flow and ebb will be increased, whereby the scour- 
ing power is made greater, and all the numerous impurities from 
the sewerage will be carried away ; the water will likewise be ren- 
dered more pure and wholesome. There is less chance of the 
banks of a large river being overflowed than those of a small one, 
as Ihe former may be made with a less slope at the bottom, longi- 
tudinally, than the latter, owing to the greater inclination of the 
water to run ofl" by reason of its increased body. 

Mr. Nimmo gives the following data on the subject of the rela- 
tive inclination of streams necessary to insure the discharge t 
their waters : — 

Large and deep rivers run sufficiently swift, with a fall of aboi 
1 foot per mile, or 1 in 3,000. 

Smaller rivers and brooks, ditto, ditto, 2 feet per mile, or ] 
in 2,500. 

Small brooks hardly keep an open course under 4 feet p 
or 1 in 1,200. 

Ditches and covered drains require at least 6 feet per mile, otm 
ill 600; and furroughs of ridges and filled drains require mi 
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River Wall. — See Quay, 

Rivet, an iron pin used for the purpose of joining two 
plates of iron together, as in the formation of boilers ; they 
are put on in a red hot state, whereby a very great degree 
of closeness is obtained in the joint by their contraction 
in cooling ; a double row of rivets is generally employed 
in particular work. 

Road, or Common Road, an expedient for effecting the con- 
nection of districts, cities, or towns, forming the most general 
means of communication. 

The formation of roads was most probably conmienced at a very 
early period, being a subject of immense importance. The Ro- 
mans appear to have been quite aware of the advantages of good 
roads, some portions of the ancient Roman roads remaining at the 
present time; but they were entirely neglected during the 
middle ages, and it was not until the middle of the last century 
that any very great improvement was made in them. 

The ancient Roman military roads generally run in direct lines, 
and hilly ground appears to have been selected in preference to 
the level, for the purpose of commanding the country ; towers of 
defence being erected on the several summits. The great desi- 
deratum in laying out of modem roads is to obtain the most level, 
together with the shortest line of route ; some attention being paid 
to the materials afforded by the country for the proposed works. 

Highways, or national roads, are roads of the first class, and 
comprise the great communications throughout the country ; they 
are conducted under the direction of the GoveRmient or of the 
several county authorities, and are maintained by tolls levied upon 
the horses and carriages using them ; hence the term " turnpike 
roads." Parish roads rank next to highways, and are sustained at 
the expense of the various parishes in which they are situated. 
Private roads, or the roads belonging to an estate, may be in- 
stanced as the next in point of importance ; and, lastly, lanes, 
which may belong to either of the last stated classes. 

A road should be riEused 3 or 4 feet above the surface of the 
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to cities ; the surface should also be made of a convex shape, for 

the purpose of carrying the water off into the side drains at the 

junction of the footway with the road, and it should be conveyed 

from ihence to the ditches upon each side, by means of culverta ; 

proper mitre drains should also be constructed under the road, 

^tee Mitre DraimsJ, and filled in loosely with large flints or pebbles 

p cfttry off the water that percolates through it into the side drains ; 

J latter require to be kept perfectly clear of obstructions, and 

jed into the natural water-courses of the country. 

I The centre part of a road is generally metalled, the sides being 

lerely gravelled on the natural subsoil, these portions being 

jpinetimes called summer roads ; the method of paving the centre 

of great importance, the system practised by the late Mr. 

pelford on the Holyhead road is generally admitted to be the 

iDst correct plan of formation, viz., the laying down of a regu- 

r cloae-aet pavement, as a foundation for tlie road, having the 

road part of the stones securely placed on the bottom of -the 

excavation upon which the ballasting was laidj consisting of a 

coating of broken stones, with a binding gravel covering, the 

thickness of the whole being from about 6 to 9 inches ; the old 

n roads may be described as specimens of this principle of 

ruction, as they were formed upon a bottoming of stone and 

mt, which is frequently discovered almost as hard as iron, 

d of very great substance. Gravel concrete is employed for 

e same purpose, in cases where stone is difficult to obtain, as in 

B case of the Highgate Archway road, the proportions of which 

^th Roman cement, -{-gth sand, and -j^jths stones, with a co- 

' of broken stone, 3 inches thick ; the cost of this road 

tnounted to from 12s, to 15s. per running yard, the portion of road 

wared with it being 18, feet wide. Concrete, composed of 4 

s of gravel to 1 of lime, has also been successfully used by 

pr. C, Penfold, C. E. ; for instance, on the Brixton road, where 

s laid 6 IiuAh thick, and extends over one half the width 

f the road, e^^rising the centre part, and good hard gravel, 

: broken stone, is spread over afterwards, in two 
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lirsl being laid a few houra after the concrete baa been pJaced on 
the road. Tlie metulUng of a road requires to be removed aa it is 
worn down, and on no account should the rehiclea be suffered to 
be in immediate contact with the concrete ; the patlis oa each side 
of the road may also be much improved by a similar foundation 
laid about 2 inches thick. 

A macadamised road is genendty undeistood to refer siinply to 
a broken stone road, and which are inferior to roads of tbe above 
description, unless the subsoil is of a perfectly unyielding nature ; 
they are probably the cheapest to lay down, but their repairs are 
fur the heaviest. 

The following are the principles laid down by Mr. M'Adam for 
constructing roads : — 

'■ That a foundation or bottoming of large atones is unnecessary 
and injurious to any kind of subsoil. 

" That the maximum strength or depth of metal required for 
any*road is only 10 inches. 

" That the duration only, and not the condition of a road, de- 
pends upon the quality and nature of the material used. 

" That freestone will make as good a road as any other kind 
of stone. 

" That it is no matter whether the substratum be soft or hard." 

The expence of a Macadamised road has been estimated as 1 
follows 1 — 



The first cost per superficial yard . . . 
Two coatings, at Is.Qd. each per yard per a 

3 years 

Cleanaing, at lOrf. per yard per annum, for 
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It is now pretty well known that roads so constructed are not ] 
fit for situations where there is much traffic, ujdl^ espence of 1 
keeping them in repair Is very great ; tbe coomR] attrition of I 
the angles of the several stones, from their constantly changing 
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f position, having nothing to support them, ia, in fact, much 
greater than the wear occasioned by the traffic of" the road, it is 
thus rendered dusty in summer, and raiiddy in ivinter ; hollows 
are also soon formed by the partial settling of the ground for want 
of a. foundation, whereby the surface is rendered irregular and 

^_ bad for the passage of carriages. 

^h The following cut represents the mclhod of forming a road on 

^^Uhat is termed sideling ground ; — 



Roads are sometimes constructed along rocky ridges, when re- 
taining walls are mostly adopted — ihus, 

Roada across bogs or moss 
are formed by first thoroughly 
draining the ground ; longitu- 
dinal drains must, of course, 
^«xtend on each side with other 
rains parallel to them, also 
i drains to carry the wa- 
r into the side drains ; and 
ffork can only be ex- 
ICuted in fine weather, it oc- 
sorae time, probably 
Biree or four years would 
Hapse before perfectly conso- 
latcd i the turf, when thoroughly dried, may be u 
2 e2 
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the roads and embankmenls connected with it, being carefully 
worked in regiilur layers, and well rolled with a heavy cylinder 
previous to the gravelling and metalling being laid. The drain- 
age of Chat Mos9 and Parr Moss on the Liverpool and Manchester 
railway may be cited as epecimens in this class of engineering. 

Chat Moea is composed of an extensive bed of peat or turf, 
about 5 miles in length, and 2 or 3 in breadth (containing about 
12 square miles altogether), about 4^ miles of which is crossed by 
the railway. It consists of a very soft spongy substance, from 10 
to 35 feet deep, the bottom being clay and sand. The works for ] 
the railway were commenced by cutting longitudinal drains t 
each side of the line, also cross drains : the moss between tl 
cuts was thus drained, 
and became partly con- 
solidated : hurdles, 9 by j 
4 feet, and wattled with j 
heath, were then plac 
across the line in one 
two layers, according to the tenacity of the moss, and a bed I 
of ballasting, 2 feet thick, was laid upon them, upon which J 
longitudinal beams were laid, the timber sleepers being next in-M 
troduced in the usual manner, and another set of longitudinajj 
ones, upon which the rails were fixed by means of chairs. 

Where the railway is elevated the embankment was formed of| 
dried moss, and it took four times the quantity of material that a 
embankment of similar height would require, upon sound ground, 
owing to the sinking nature of the foundation ; and'where th<J 
line was in cutting, it was effected by draining, in a similar manneig 
to the level portions, but by successive lifts or layers, 12 incbei 
thick, the longitudinal ditches becoming deeper every lift, 
road is therefore entirely floating upon the moss, and dependt 
wholly upon the tenacity of the materials. 

Parr Moss is crossed in embankment, the moss being aboud 
20 feet deep, and the material of an adjoining excavation was u 
in forming it, consisting of clay and gravel, which gradually si 



as it was thrown upon the moss ; and, although the embankment 
was only 4 or 5 Teet high, at the completion it was found to hare 
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an ROCK.— noop. 

taken a sufficient quantity of earth to have formed one 24 
25 feet high, on ordinary ground ; therefore the porti< 
the line across Chat Moss could not have been made wtth sudt' 
materials. 

Mr. Macneill etated, in bis evidence before a Committee of the 
House of Commons, in the year 1830, that the expence of im- 
proving the present turnpike roads, altering all the slopes to within 
1 in 10, would cost from £600 to £2,000 per mile, according to 
circumstances. 

RoadH are also sometimes faved, particularly in cities 
towns. — See Paving and Paved Way. 

Rock, — See Stone. 

RoLLEY, the name formerly applied to a tram-wheel. 

Roman Cembnt, a cement in very general use for buOc 
purposes, and forming an excellent water cement ; being mostl' 
employed with an equal portion of good sharp sand, it also fomii 
a perfect preventive against corrosion, and may therefore 1 
serviceable in covering joints in iron-work, and for similar pu 
poses ; the stone is of a dark brown colour, and is principal 
brought from the Isle of Sheppy 

Roof, the covering to any building or shed. 

Roofs may be described generally aa being of two kinds, vi: 
1st, those with their outer surfaces or tops nearly level, such beioj 
usually covered with lead — 2ndly, thtjse which have their 
inclined, as the common roof, gutters being formed at their Iowa 
edges, and slates employed for the external covering. 

In the first description of roof the lead is supported by meat 
of horizontal joists or bearers, proper boarding being interpose 
between them ; and in the second kind, long timbers, called rij 
terit, are employed to carry llie slates, and either boarding or thil 
pieces of wood, termed fillets, are nailed on them to secure th( 
slates to i when the rafters are long, they are supported hy purlint 
as may be required, and these rest on framed trasses, termi 
principals, which are placed at regular intervals, usually about ll 
feet distance; and it is in the construction of these principal 
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that the stability of the roof mainly depends : such roofs are also 
described as trussed roofs. Roofs of small dimensions are con- 
structed without either principals or purlines. The width between 
the walls, or supports, is called the span of the roof, and the height 
in the centre the rise, the slope of the raflers being termed the 
pitch. 

Roofs of from 20 to 30 feet span may be supported by princi- 
pals, composed of a king-post, principal, raflers, and struts, thus, 
and of the following scantlings : — 




Bpan in feet. 


Tie-beams. 


Ki-ig-post. 


Principals. 


Stmts. 


20 
25 
30 


Ins. Ins. 

9x4 

10 X 5 

11 X 6 


Ins. Ins. 

4x4 
5x5 
6x6 


Ins. Ins. 

4x4 
5x4 
6x4 


Ins. Ins. 

4x3 
5x3 
6x3 



This and the following Tables are according to Mr. Gwilt, with 
the exception of the line marked * : — 

A, the tie-beam, which is notched to receive the feet of the 
principal rafters ; it is also notched on the wall-plate. 

B, the kiAg-post ; the head is prepared to receive the upper 
ends of the principal raflers, and at the feet for the reception of 
the struts. 

C, C, the principal raflers or principals ; these afe laid to the 
required pitch of the roof, the feet are joggled into the tie-beam, 
and the upper endis abut against the king, and are secured by 
straps and bolts. 

D, D, the struts for supporting the principal raflers, &c. 
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Ej E, the purlines which are secured to the principal and ( 
the common rarters. 

F, F, the common rafters for receiving the outer covering. 

G, the ridge-piece, against which the common rafters abut. 
H, H, the pole-plates for receiving the feet of the commol 

rafleTB, which are secured to the tie-beam. 

Roofs of from 30 to 40 feet span may be supported with prji 
cipals ftumed with two queen-posts, and one straining-beam b 
tween them, &c , thus, and of the following e 




.>» 


™. 


......,„, 


„..,^. 


.^-,.... 


[«. 


In,. 


!»., iri 


lo.. lo.. 


[». .n.. 


12 


5 


S X 5 


5x5 


7 X 6 



A, tie-beam. 

B, B, queen-posts. 

C, C, principal rafters. 

D, D, struts. 

E, straining -piece. 



F, F, Purlines. 

G, G. common rafters. 
H, ridge -piece. 

I, I, pole -plates. 
K, K, Wall-plates. 



Roofs of ft-om 40 to GO feet span may be framed with f 
queen-posts, and two straining-beams between them, and struttg 
from the queen-posts lo other smaller queens and struts. 

The principals are much improved by trussing the upper strain-i 
ing-beam, as shown on cut. The scantUngs being of the follow^ 
ing din 
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Span 
in feet. 


Tie-beams. 


Queen-posts. 


Small Queens. 


Principals. 


Stndning-piece. 


StraU. 


45 
50 
55 
60 


Ins. Ins. 

12 X 7 

13 X 8 

14 X 9 

15 X 10 


Ins. Ins. 

7x7 

8x8 

9x8 

10 X 8 


Ins. Ins. 

7x4 

8x4 

9x4 

10 X 4 


Ins. Ins. 

7x4 
8x6 
8x7 
8x8 


Ins. Ins. 

8x5 
9x6 

10 X 6 

11 X 6 


Ins. Ins. 

4|x 3 
5x3 
5|x 3 
6x3 



A, tie-beam. 

B, B, large queens. 

C, C, small queens. 

D, D, principal rafters. 

E, straining-piece, or collar. 

F, king -post. 

G, G, purlines. 



H, H, common rafters. 

I, ridge-piece. 

K, K, pole-plate. 

L, L, wall-plate. 

M, M, M, M, struts. 

N, Lower straining-piece. 



The following Tables show the scantlings of purlines and com- 
mon rafters, also according to Mr. Gwilt : — 



PURLINES. 



COMMON RAFTERS. 



Bearing in feet. 


Scantlings. 




Ins. 


lis. 


6 


6 


X 4 


8 


7 


X. 5 


10 


8 


X 6 


12 


9 


X 7 



Bearings in feet. 


Scantlings. 


8 
10 
12 


Ins. Ins. 

4 X 2i 

5 X 2i 

6 X 2i 

« 



The whole of the several joinings of the timbers must be well 
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lied logether; the feet of the principal roflers are commonly jog- 
gled into the beam, and further secured by bolts or by straps, and 
they are fastened at their upper ends by being let into the heads 
of the poBta, or by irons; and the tie-beam is supported by the 
poets, by nkeaiiB of Btirrup-irona fixed at the eslremity of the 
latter. 

The height of the rise or pitch of a roof is generally between 
jth and jth of the span, the former being considered the true pitch 
for strength and security. 

When the end of a roof is sloped off similar to the aides, it is 
said to be kipped, but if the ridge runs out straigbt with the face 
of the end walb or supports, such mode of termination is described 
as AgMe-end. 

StruU are understood to be upright pieces of wood, and are 
employed to resist vertical compression ; braces ax& diagonal pieces 
used to prevent any liexuie in a framing, or to stifl'en a truss; and 
those timbers exposed to the force of extension are termed /»e*; 
the term collar is applied to a tie extending from about the n 
of a rader to the corresponding one on the other side of a roof. ' | 

Rope- ROLL. — See Drum. 

Rotary, Rotatory, or Concentric Engine (sometimet 
called a steam-wheel), an engine worked by the elastic force oS 
the steam actijig upon pistons fixed to an axis, whereby the latto 
is put into motion instead of being turned by means of pistoi 
working in tubular cylinders, and communicated by the c 
motion. The construction of an efficient engine after this syetein 
has been considered the grand desideratum with steam powera 
although some engineers assert, that it would not be able to exei| 
more force than other engines with a similar quantity of steal 
Notwithstanding various modifications may be made ii 
engines, to suit the purposes to which they are applied, yet it it 
very questionable whether much more will be accomplished thai 
lessening the friction of the several parts by greater simplicity ol 
construction. There have been two or three rotary engines spokM 
very highly of lately, as " Avery's Rotary Engine," and the " 



RUBBLE-WORK— SAFETY-VALVE. 219 

tent Rotative Disc-Engine/' also *' Bunnett and Corpe's Concen- 
tric Engine." 

Rubble-Work, a rough description of masonry, the stones 
being merely axed on the face, and laid in as regular courses as 
suits the convenience of the mason, and well flushed with mor- 
tar, occasional bonders being inserted (which are more required 
in this description of walling than in any other), running through 
the whole thickness of the wall, to tie the whole together : chain- 
bond may also be used in rubble walls with great advantage, if 
many openings are required to be left. In good work the stones 
should be as large as the workmen can conveniently lift. 

If the stones are laid in regular courses, the work is described 
as regular coursed ; if otherwise, irregular coursed work : and when 
they are liot laid in courses, but merely piled, or laid one upon 
another, according to the sizes of the several stones, it is termed 
uncoursed rubble walling. 

The filling-in work at the back of arches, and the like, is also 
called by this name, although not so properly speaking, as it con- 
sists of chippings and pieces of stones, of all shapes, thrown in 
without any attention to position. 

Safety- Valve, the valve usually employed in the boilers of 
steam-engines, to prevent explosions, which are constructed in 
such a manner that the power of the steam opens them when it is 
of a higher pressure than the boiler is calculated to bear, whereby 
the surplus power escapes, upon which the valve instantly closes 
again. 

The conical or button- valve, is that ^'^^ 
most frequently employed, which is 
kept shut by a lever with a sliding 
weight. 

The safety-valves of locomotive engines usually have a series of 
spiral elliptical springs instead of a weight, with an index to show 
the pressure of the steam upon the valve. It is sometimes found 
in practice, that valves of this description stick, and consequently 
offer a far greater resistance to the steam than intended, which has 
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led to the use of spherical valves ; 
these supersede tlie necessity of any 
weight, and afford very little fiic- 
tion; they are, therefore, very suit- 
able for the lock-up valves of an 
engine, as upon the tap being 
screwed down, it is not very easy to tamper with them, and d 
account of their freedom from derangement (a lock-up valve I 
always attached to a boiler, in case the ordinary one should fail)? 
The fusible valve is also used by some engineers, which consists 
of a safety-plate or plug, made of a certain mixture of metals, 
which becomes fusible before the steam attains a dangerous pres- 
sure. The safety-valves employed in France are required by 
government to partake of this prin- 
ciple; it ia appendeilto the usual ^ 
safety-valve, a, a, ia the extra 
saFety-platc, made of zina, tin, and 
bismuth, being kept down by an 
iron grating. The only objection 

to this valve is, that it not only lets off the superabundant pown, 
but the whole of the steam from the boiler with it, whereby the 
engine becomes stopped, although a safety-valve should be con- 
structed of sufficient size to pass all the steam that the boilei can 
generate in an ordinary state of work. The steam blown off at the 
safety-valve often amounts to jth of the steam generated in the 

Sand, a granular mineral sutstance insoluble in water, Pil 
sand is superior to river-sand for all building purposes, 

Sand-stone, also termed Free-stone, a very serviceable ai 
durable stone, when of good quality, being composed of grains 
of sand adhering together without any visible cement ; it varies 
in its component parts, being at different places siliceous, ar{ 
ceous, and calcareous. 

Sand-stone is generally found stratified, each strata varying il 
thickness from about that of a slate to many feet, as the enonnot 




the 
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blocks sometimes drawn from the Portland quarries : it is much 
used for building purposes, as it can be readily cut into any form. 

Scaffold, a temporary erection, formed of poles, for the pur- 
pose of building. In stone erections the poles are obliged to be 
used double, when it is termed a double scaffold. 

Scantling, a term used in reference to timber, in the same 
sense as size, but with respect to breadth and thickness only ; thus, 
a piece of timber 12 inches wide, and 6 inches thick, is said to 
have a scantling of 12" x 6''. 

Scarfing (of timber), the joining together of two wooden 
beams endways, which operation is resorted to when timber is re- 
quired of longer lengths than can be procured in single pieces. 
The length of all scarfings should be at least twice the width of 
the face of the beam (although not always made so), well notched 
and wedged together. An iron plate, fixed beneath the scarfing, 
materially strengthens it, when the beams are not laying on a wall, 
or otherwise supported on the under side. 

Scoop- Wheel, a certain description of wheel which is formed 
of cast-iron, and employed in conveying a stream of water up- 
wards, from one pond, to another situated above it ; they are there- 
fore employed in a contrary manner to water-wheels, since, instead 
of being acted upon by the impulse of the water, they operate 
upon it, being turned by the aid of a steam-engine. 

Scoop- wheels are much employed in the drainage of fenny land 
and levels. Mr. Joseph Glynn, C. E., who has had much experience 
in using them, usually makes the dip of the float-boards extend 5 
feet below the water, where powerful engines are used ; such a wheel 
being described as having a 10-feet head and dip, and the axis of 
the wheel should be 4 or 5 feet above the level of the river or 
outfall drain. Mr. Glynn states, that the best velocity for the 
wheel is 6 feet per second at the circumference, which gives it a 
centrifugal force quite sufficient to hold the water up against the 
breast of the stone trough or wheel-track, yet not enough to carry 
it beyond the point of delivery. 

ScouRiNG-powEB. — See Backwater, 
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Sea-wall, or Retetuent, a retainii^ w«U erected along the 
line of a coast adjoining the sea. 
— See Harbour md Quay Wali. 

Sectiom, a drawing of any ob- 
ject, lepTesenting it cut or divided 
into two parts. 

Sections are either vertical, 
horizontal, or obligae, and generally 
represent plain surfaces. 

A section of a line of country 
is a vertical section, made for the 
purpose of explaining the nature 
of the ground, as the soil within, 
and the level of the surface ; and 
if intended for parliamentary pur- 
poses, it must be drawn according 
to the standing orders of the 
House of Commons, or 4 inches 
per mile for the horizontal scale, 
and 100 feet to an inch for the 
vertical scale. — See Levelling. 

Sectio Planogeaphv, a me- 
thod of laying down the section 
of engineering works upon the 
plan, and recently introduced by 
Mr. Macneill, and required, by 
the standing orders of the House 
of Commons, for all proposed rail- 
ways, &c. It is performed by 
using the line of direction laid 
down on the plan as a datum-line ; 
the cuttings being plotted on the 
upper part, and the embankments 
upon the lower part of the line; 
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By this plan the nature of the undertaking may be readily un- 
derstood, and the owners of property on the line will see how 
their land is crossed, whether in cutting or embankment, and the 
depth of same. If the former be coloured red, and the latter 
blue, it will further assist ; or the cuttings may be represented by 
vertical lines ruled over them, and the embankment by horizontal 
ones. The regular section is required for the practical purposes 
of the engineer the same as usual. 

Self-acting Inclined Plane (upon railways, canals, &c.), 
an inclined plane, worked by the gravity of the load conveyed ; 
we first read of their being used in the year 1788, on which occa- 
sion a loaded boat was placed on a cradle and run down upon 
frame -work to the lower level, by the action of which some empty 
boats were also drawn up to the higher level. They • are occa- 
sionally employed upon canals in America at the present time. 

Inclined planes were formerly much employed upon colliery 
railways, having been applied soon after the introduction of iron 
rails and wheels, when they were adopted to counteract the in- 
creased velocity occasioned by them on the runs : the surplus 
gravity of the loaded waggons drawing up the empty ones, which 
at the same time served as a brake to them; each train of waggons 
was connected together by a rope, which is passed round a 
drum fixed at the top of the plane. Inclined planes are not 
applicable unless there is a preponderance of goods to be con- 
veyed one way, sufficient to counterbalance the gravity of the 
empty carriages coming in the opposite direction. 

Much advantage is derived from the adoption of self-acting in- 
clined planes during the execution of railway works. — See Inclined 
Planes and Double-acting Inclined Planes, 

Sewer, an arched covering, similar in shape to a tunnel, used 
for the conveyance of water. — See Culvert and Drain. 

Sewerage. This term was formerly synonymous with drain- 
age, but its signification at the present time is very different; 
drainage bearing more immediate reference to the recovering of 
marsh land, for the purposes of agriculture, wherea^ the former 
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implieB the dreiniiig of a city or town of all supeijluc 
and ridding it of fttj filtb, whether accumulated by natural or i 
artificial causes ; and this branch of internal convenience has n 
yet received that attention and consideration which it undoubted 
demands, it being very essential to the health of the people. 

The drainage of open country is not a very difficult operation, ' 
where there are ample means provided to effect the undertaking, 
but the drainage of a large city or town is frequently a work of 
considerable difficulty, on account of the difference in the levela 
of the several streets, and the comparative lowness of some of 
them; hence a]l new shores required to be made in a city a 
obliged to bear reference to those already laid down. 

SEXTiST, Box Sextant, or Pocket Sextant, an instrumed 
much used in surveying, for measuring horizontal angles only ; 
is sufficiently accurate for all general purposes, although a 
dolite should always be used in laying out large triangles, 
small telescope is sometimes attached to the sextant, to assist tl 
sight, but it is not always used. 

Shaft, a vertical sinking or well, excavated and dry, for I 
purpose of working and ventilating mines, also tuimels, and t 
ascertaining the nature of the ground before commencing any e 
gtneering operations. The principal ahafl of a mine i 
called the engine- shaft. 

The brickwork of the shaft sunk for the working of the Thai 
Tunnel was first built up from the ground to the required heigl 
(40 feet), and then sunk to the proper level by loosening t 
ground from beneath it ; proper precautions were, of course!] 
taken to prevent any irregular settlement during the course of es4 
ecution, by tying it well together ; it was carried up upon piles 
on which an iron curb was laid, wrouglit-iron rods, 2 inches diar' 
meter, were taken from thence to the intended height of the shafts 
and secured into a top curb ; the bricks were laid in cement, and 
farther bound by timber hoops, half an inch thick. Upon the 
completion of the brickwork, the piles were removed from the 
bottom, and it was left standing upon the gravel; a thirty-horse 
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K>wer high pressure-engine and raising gear were then fixed upon 
Hid after being kept a proper time to dry, the excavating was 
wmmeuced from within it. 




The shaft is 50 feet in diameter, 42 feet deep, and the brick- 
is 3 feet in thickness. The two large ventilating shafts of 
le Kilsby Tunnel on the Lsndon and Birmingham Railway were 
3 constructed by the same method ; the ordinary shafts commu- 
Seating with the tunnels on this railway are 9 feet in diameter, 
irried up in 9-inch brickwork, and supported below by a cast- 
Q curb, fixed in the crown of the tunnel. 

Shaft (in machinery), the term applied to a large axle. The 

3 one of the most essential parts for the conTeying of motion 

k all machines ; the action of the primary power causing it to re- 

upon its axis, when any wheels fixed upon it are also carried 

mnd by it, ae the shaft of a fly-wheel. 

A small shaft is termed a spindle; shafts placed in a horizon- 
1 position are described as lying, and those situated vertically 
B called upright. The cylindrical form of shaft is considered 
iperior to both square or feathered, but for large shafts hollow 
jrlindera are best. 
Sheave, Fhiction Roller, or Pulley, a description of wheel 
luch used in connection with inclined planes and fixed engines, 
eing formed for the purpose of receiving the rope, whereby the 
iction of it is considerably reduced. 
2r. 
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Sheaves are gt^nernlly formed of coat-iron on raLlvay or can^ 
works, nnd arc coiistnicted of various sizes. The la^e wheels 
nitimtnd iit Ihe top and bottom of a plane, and employed for re- 
lainin;; the rope, and for communlcaUng the action of the sleam*^ 
engine to the trnin, arc termc'd sheaven, and the amall wheels fised.*^ 
along the surface of the ground are generally called i 
»K»tves, or/rktion rollers. 

An inclined plane in a double line ofraJlway is usually worke 
by an endless rope, and a large metal sheave is fixed at the end t< 
pass the rope back ; the rope runs between flanges formed on each J 
edge of the peripheries of the wheels. This method is appIied*J 
on the Euston-^quatc Plane, the terminal sheave and tackle being 
fixed beneath the level of the raila, and set in n diagonal direction 
witli maaotiry nnd brickwork ; it therefore does not form any ob- 
Btniotion, being entirely concealed from view ; the rope ia received 
at the top of the plane upon a sheave placed vertically, and is 
then passed to another in a horizontal position, termed the liffhl- 
ening tkeave, from thence it turns back, passing round another 
vertical sheave, and un additional smaller one is employed on 
this side of the tightening sheave, when a very great degree of 
friction is required ; the rope is thua taken again to the surface of 
the rails, nnd runs down tlie other line of rails, constituting an 
ondleas rope ; the lightening sheave ia fixed on a moveable stage 
placed on a railway, and a counterbalancing weight is connected <| 
to it, in order to keep the rope in a proper state of tension, what- , 
ever wciglit the load may be ; the counterbalance is situated ii 
well, and acts upon the rope like a spring. 

The accompanying cut represents the plan adopted by Mr, Ste- 
phenson in the working of the stationary plane on the Liverpool J 
and Manchester Railway : — 



-"aa^ oc 



iza^Hzi^an ; 



KZdC^Ite 



Fig. 1, is the horizontal wheel at one end of the lines of n 
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Fig. 2, is the working wheel, with its pit and tightening sheaves, 
and which is worked by a stationary engine. 

The running sheaves used upon inclined planes are from 10 to 
15 inches diameter, having their peripheries hollowed out to re- 
ceive the rope, and are usually fixed about 8 or 10 yards apart, 
the axles resting upon a metal box or socket, which is well bed- 
ded in the ballasting, they are also sometimes fixed upon stone 
blocks. In cases where a plane is curved laterally, as parts of 
the Euston-square plane, the running sheaves are fixed in a slant- 
ing position, and at different degrees of inclination, according to 
their situation in the curve, a strong stay-bar being attached at 
the back of each, which enables them to support the pressure of 
the rope without altering their position. The proper angle for 
the same, is that which allows of neither an upward or a down- 
ward stress of the rope, but which presents the wheel in such a 
position that the strain shall be in a line at right angles with 
the axis ; there is a double or endless rope to each set of rails, 
or each double line (there being four lines of rails laid down), 
each rope is 7 inches in circumference, and 4,000 yards long, 
and weighs 10 tons. Wooden friction rollers and frames are 
used on the Whitby and Pickering Railway. 

The humming noise attendant on this method of working a rail- 
way, arising from the velocity with which the friction rollers 
revolve, is considered objectionable by some individuals, (more 
especially if occurring in crowded neighbourhoods) ; it has, 
however, been proposed to cover their edges with netting, as a 
preventive, although rather a doubtful remedy. 

Sheet- PILING, a row of timbers driven firmly side by side into 
the earth. When the piling consists of planks, it is termed pile- 
planking, and which is sometimes joggled together. Sheet-piling 
is used for protecting foundation walls from the effects of water, 
also in the construction of coffer-dams, sluices, &c., and it is usu- 
ally supported and secured to guide-piles and to waling-pieces 
situated along the top, by iron bolts. 

Sheet-piling is always employed to support walls and other 
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works next rivers, canals, &c., and good clay should be well pun- 
ned in at the back of the piles next the wall. Cast-iron sheet- 
piling has been recently adopted, and with considerable success. — 
See Quay and Piles, 

Shift, a name employed in reference to the gangs of men em- 
ployed in excavating upon railways, &c. ; for instance, when two 
different sets of men are employed alternately, they are described 
as working double shifts, which is found more expensive than 
single shifts, although occasionally resorted to during the long 
days, where great speed is necessary. Night-work is also consi- 
derably more expensive than that performed in the usual working 
hours. 

Shore, or Shoar, the name given to the pieces of timber 
placed diagonally against the sides of walls, or otherwise, as a 
prop or support to them ; timber plates are usually placed at each 
end of shores, and the junctions are further tightened by wedges 
driven in between them. 

Side Cutting, a term applied to a cutting made along the side 
of a line of railway or canal, for the purpose of obtaining mate- 
rial for the embankment, when there is not sufficient excavation 
up on the line to form it. 

Side-forming, a term applied to an embankment when made 
by a side cutting, and which constitutes the quickest way of 
forming an embankment, as the whole can be commenced at the 
same time from one side, and filled in at once towards the other, 
in which case the embankment is usually supported by steps cut 
at the bottom of it. — See Road, 

Side Space (on railways), the distance on the outside of each 
line of rails, which is generally about 3 feet 6 on private, and 
5 feet on public lines, as the London and Birmingham and Great 
Western Railways. 

Sideling Ground, a line of country whose cross-section is 
inclined or sloping. — See Earthwork, Side-forming, and Road, 

Siding, Passing Place, or Turn-out (on railways), a short 
length of additional trackway laid by the side of a line of rail- 
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way, and connected therewith at each extremity by suitable 
curves, the rails being constructed and disposed in such a manner 
that the carriages can either proceed along the main line, or turn 
into the siding, as may be required ; to accomplish which, the 
portion of rails forming the junction of the siding with the main 
line is made moveable to suit either trackway, and is termed a 
switch, and the points where one railway crosses another are 
termed crossing points, which are generally fixed or immoveable ; 
suitable grooves being left on the surface of them for the passage 
of the flanges of the carriage-wheels on either trackway. 

The switches are mostly worked by an eccentric movement, 
which is enclosed in a cast-iron box, and it is effected on some 
railways by a vertical lever, which draws backwards and forwards, 
means being taken to secure it in the proper position. 

The occurrence of sidings is most frequent in the vicinities o<* 
depots and stations. Mr. R. Stephenson allowed one in every 
five miles in his estimate of the London and Birmingham Railway. 
— See Switch and Crossing -point. 

Silt, the alluvial soil washed down, and deposited upon the 
bottoms and sides of rivers by the action of the tides ; the term 
is also indicative of any sofl light description of soil. 

Skew-back, or Askew-back, the course of 
masonry forming the abutments to a segmental 
arch, or to the cast-iron ribs employed in bridges. 
It is necessary, in the latter case, to lay a plate 
of cast-iron upon the stone skew-backs, which 
is generally run through the entire width of the 
bridge, thereby forming a tie ; but"" the iron ribs 
should not be fixed to this plate, particularly if they are of great 
span, on account of the alternate contraction^and expansion of the 
metal, and a sufficient space should always be allowed for this 
variation. 

The ribs of the Southwark Bridge, London, were originally 
secured by bolts to the masonry ; but it was found necessary, 
during the execution of the work, to remove them in consequence 
of the injuries threatened. 
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Slacked Lime. — See Lime. 
Sleepers, the tiftme applied generally to beams ul* wood U 
horizontal in any works. 
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The aloepers used upon railw&ys, upon which the railway cbt 
are fixed, are generally of oak, or larch timber, and about 5 by 
inches scantling, 9 I'eet long, and 3 feet from centre to centre ; 
cost of the former may be stated at 7s. Gd. each, and the latter 
to 6s. 6d. A line of railway, formed of wooden sleepers, is mi 
more elflstic than one laid on stone blocks, and consequently eas 
for the passengers, and the process of kyani^iiiig the wood eleei 
ers, as generally practised, is expected to render them very durt 
ble. — See Kyanize. 

Sleetcii, the thick mud laying at the bottom of rivers. 

Slip, or Land-slip, a slipping of the earth of a cutting, 
embankment, which mosl frequently occurs in the case of di 
cuttings and high embankments ; they generally arise from th< 
want of stability of the soil, and general badness of foundation 
also from the side-slopes being formed too steep ; but clayey 
will slip at almost any slope, good drainage is, therefore, import 
ant in earth-work. During the formation of the Colne embank 
ment, on the London and Birmingham Railway, the level fr 
quently sank several feet in the course of a few hours, the 
extending out to an enormous width, owing to the badness of thi 
foundation. The only plan of procedure, in some cast 
that of loading the slip itself with a sufficient quantity of earth, 
to enable it to bear the embankment above ; slips are likei 
caused by heavy rains ; high embankments should always be 
posed to the wet season of the year, and the succeeding winter^ 
previous to the opening of the railway, as it lends much to const 
lidate and render them less liable to give way. Alternate beds ( 
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clay, sand, or other soil, are very liable to slip, particularly if the 
clay should be easily acted upon by water, and if the strata dips, 
or inclines to the horizon ; but it may be sometimes obviated, by 
driving piles into the faces of the side slopes, and laying binders 
across them, by which the earth is supported. 

Slope, the name given to any inclination, but applied more 
particularly to those of excavations and embankments ; the term 
gradient being adopted for the inclinations of the rails upon rail- 
ways. The slopes of cuttings and embankments are usually loea- 
sured by an instrument termed a clinometer, fsee Clinometer) which 
indicates the angle of the slope ; but their proportion of slope is 
usually expressed by comparing the horizontal dimension with 
the perpendicular, as an embankment, with a slope of 2 to 1, sig- 
nifies a fall of 2 feet horizontally to 1 foot vertically. 

The ratio of the slope to the perpendicular, is represented by 
the natural cotangent of the angle thus measured : — 

TABLE OF SLOPES. 
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The proper slope for each description of soil can only be 
determined by observation, and the state of the slopes of any 
adjacent works forms a good criterion 

It is generally understood, that whatever angle the soil of a 
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cultiDg takes, williout elipping, imraediately after being Icanif 
(the angle of repose), is auflicienl for the erabanhment fonni 
from il, but much depends upon the dryness of the soil at 
time it is tipped into the embankment. 

Oxford clay will stand with a slope in the proportion of 2 to 
but London clay, whereof any height requires to be made, 3 to 1, 
although a less slope is sufficient for light works. Gravel or sand 
will stand at I j, or 2 to 1 ; coal measures at 1| to 1 ) chalk 
chalk marl varies from ^ to 1, and good sandstone will stand 
^ to 1; but much depends upon the height of the work, and 
circumstances. 

The vegetable soil upon the surface of the ground shot 
always be carefully removed, and afterwards relaid upon tlie hnishi 
surface of the banks ; and sown with grass seed, or covered wil 
turf, for the purpose of strengthening them, also to carry the 
off; and this should be done as soon as possible, that the works 
may be protected from the effects of the weather. 
The banks are also sometimes planted with shrubs; 
and in situations where stone is plentiful, it may be 
advantageously employed in covering the side 
slopes, more especially the lower part or feet of the 
slopes. — See Angle of Repose, Excavation, and Em- 
bankment. 

Sluice, or Shjice-gate, a description of slid- 
ing- valve, worked by a rack and pinion, and much 
used in connection with hydraulic works, which 
either retains the water, or allows it to pass through I 
as may be required! It is set in a frame of timber 'ipj 
or stone, by which the water is collected and raised 
for the purpose required. 

The following cuts represent a sluice with a dou- 
ble valve, which, together with the slides, is formed 
of cast-iron, and the whole is supported by an oak 
frame and side walls, the foundation being protect- 
ed by sheet-piling : both valves are opened by the 
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s movement, being connected together by meana of wroughl- 
1 rods, the upper one terminating with a rack, in which a pinion 
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When a number of sluic«s are plsiced aide by side, the creclio 
is denominated a weir. — Set Lock-gate and Weir. 

Smelting (of iron). — Sec Iron. 

SoFiTE, the UDdereide of any overhanging erection, as (he i 
trados of an arch, the underside of a cornice, Sto. 

SocGS, a small drain, situated at the top of aa emba 
for the purpose of conveying the surface water from it into tl 
side drain. The term is also applied to an adit in some parts oj 
the country. 

Spandrel Wall, the walls built on the back of an arch ; thfl 
term, properly speaking, does not apply to any other than such si 
rest upon the estrados, and not to those situated upon the back- 
ing of the arcb, although frequently applied to tliem. — See Ardi, 

Spherical Valve. — See Safely-Vahe. 

Spindle, the term applied to a small shall, as to that of a pinion. 

SpiBiT Level. — See Level fSjiirUj. 

Spoil, or Spoil Baxk, the surplus excavation, wbicii is laid 
by the side of a line of railway, canal, or other work, to save the 
expense of removal, and which occurs when the amount of cutting 
upon the line exceeds that of the embankments. — See Earthwork. 

Staith, the line of rails forming the extremity of a railway^ 
and generally occurring next rivers, being laid down upon higi 
platforms, for the purpose of discharging coals, &c., into the liolds 
of the vessels or receptacles prepared for them. The staiths pro 
Ject over the banks of the river, and sboote usually lead from then 
to the vessels beiow. 

Stabling. — See Cuiicater. 

Stationary, or Fixed Engine, any steam-engine of a fixed q 
permanent nature ; but one comiected with a railway is more ii 
mediately alluded to. Stationary engines are usually em pi oyd 
upon inclined planes, to convey the carriages along, and i 
constructed on the low-pressure system ; they are also sometim 
used upon the other parts of the line. Recourse is had lo a 
steam-engine where an incline is too great to be overcome by t] 
gravity of the meeting trains, owing to the traffic being equal A 
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each direction ; and where it is necessary to pass a steep hill, in- 
clined planes are sometimes made on each side up to the summit, 
upon which an engine is fixed. In all such cases of inclined 
planes worked by fixed engines, their inclination should be suffi- 
cient to enable the empty waggons to descend by gravity alone, 
pulling the rope after them, which would thus be in readiness to 
return with the train passing up. 

The principal objections to the adoption of fixed engines is, the 
great friction arising from the rope, also the inconvenience of 
same where passenger trains are conveyed along the line; but 
they are not so objectionable when situated at the termination of a 
railway. 

There is not much difference in the expense between the adop- 
tion of fixed and of locomotive engines — for instance, the Durham 
and Sunderland Railway is entirely worked by fixed engines, upon 
which the charge for conveying coals is precisely similar to that 
upon the Stanhope and Tyne line, where locomotives are used, 
viz. 1.13d, per ton per mile, but the charges for the same upon the 
Seaham and Clarence Railway, which is worked by locomotives, 
is only 0.75d, per ton per mile. — See Friction, Inclined Planes, and 
Stationary System. 

Stationary Plane, a plane worked by a stationary engine 
and rope, as the Euston-square Plane, at Camden Town, on the 
London and Birmingham Railway. 

Stationary System, a method of facilitating the conveyance 
of carriages along railways, &c., by the action of two or more 
fixed steam-engines, according to the inclination and length of the 
road. 

Some of the private railways in the north are worked by sta- 
tionary-engines throughout, which are fixed at certain distances, 
in regular succession, reciprocating with each other. This plan 
was partially recommended by Mr. J. Walker and Mr. J. U. 
Rastrick, Civil Engineers, in their celebrated Report to the Direc- 
tors of the Liverpool and Manchester Railway, in 1829, on the 
subject of Hie best motive power to be employed on that line ; 
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but lucomutive enginee at that period mny be deecribed as b 
in their infuncy. 

The dcBttuction of ropes by the stationary system is very g 
which ia mainly attributabli! to the eudden stmimng to which U 
are subjected at the time of the train's atartltig; the bottom off 
plnne should therefore be level, or even slightly inclined in tl 
opposite direction, to aflsist the start ; which plan is successfuDfl 
practised on tbe Bruaaleton Plane, on the Slocklon and Darlingloi 
Railway. — See Slationary or Fixed Engine, and Reciprocating Systtt 

Steam, the vapour arising from any liquid when heated to ti 
boiling point, which possesaes very great force or power. It jj 
generally allowed, that of all known fluids water is the 
adupled for producing steam. The fluid la composed of a v 
quantity of separate bodies, or atoms, having a great natural a 
traction for each other, and cold has the effect of increasing tt 
attraction : heat, on the contrary, decreases it ; in othi 
heat posseseea the power of separating these atoms, and repulstrj 
force is imparted to them, equal to the degree of heat. 

The following Table, by Dr. Dalton, will be found very useful >• 
TABLE of tbe Expansive force of Steoiu when cont^ned in a closed vea»A ' 

taken at every 1(1° of Temperature from 212° Fahrenheit (the tmUiiig point) 

up to 32U°. 
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Steam is produced upon the water being heated to 212° Fah- 
renheit's thermometer, or the boiling point. It is perfectly colour- 
less when pure, or unmixed with other serial matter, but is white 
and cloudy when mixed with air, as it thereby becomes partly 
condensed, or reduced to a temperature below the boiling point, 
when it again becomes water. 

Steam -BOAT, or Steam-tessel, a vessel propelled by the 
force of steam. 

Perhaps of all the innumerable advantages derived from the 
application of steam, its utility for the purposes of navigation 
is the most beneficial and important to mankind. The idea of 
propelling vessels by steam was, in all probability, coeval with 
the introduction of that power ; as, on referring to the period of 
its application, or about the year 1700, we find many individuals 
famous for their ingenuity in mechanics endeavouring to adopt it 
for the purpose of propelling boats ; among whom was the cele- 
brated Savery, who was the first to introduce the steam-engine 
in a practicable shape, and his contemporary Dr. Papin, the in- 
ventor of the safety-valve ; also Mr. Hulls, the inventor of the 
crank motion (in the year 1737), so essential to the rotary motion 
of the paddles. 

There have been many ways tried of employing steam for the 
propulsion of boats on water : in the usual mode adopted, it is 
made to turn a shaft situated athwart the vessel, by means of 
cranks, and large cast-iron wheels are fixed at each end, having 
paddle-boards fastened round them, like under-shot water-wheels ; 
these paddles, or floats, strike the water somewhat similar to com- 
mon oars, and they are placed in such a depth of water that each 
paddle is just immersed when in a vertical position, or as it passes 
the centre at the bottom of the wheel. An experiment of propel- 
ling vessels by means of an archimedian screw has lately been 
made, which was fixed at the stern ; and it is imagined, from the 
uniformity of its action, and the total absence of all swell in the 
water, that this plan would be very udvantageous : although the 
principle is not new. 
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One of the first inBtancee, U" not the firet oT a vessel being abso- 
lutely propelled by the power of steain, was Ihat by the Marquis 
de JouBrey, which took place upon the Saone, at Lyons, in the 
year 1762 ; the next was conslructed under (he directtoo of a. Mr. 
Miller, in the year 1789, and succeeded very satislactorily. 
Forth and Clyde Canal: ader-which, several e:(perimeDts v/en 
made ; and that of the celebrated American engineer, Mr. Rol 
FultoQ, was among the most successful, the engines having 
supplied and fitted by Messrs, Boulton and Watt. The vessel wag 
named the "Vermont/' which was the firet steam -vessel ninosa 
regular packet-boat, having been launched at New York, in the 
year 1807, and plied between that city and Albany, a distance of 
about 150 miles, performing tlie voyage in 32 houis, which gives 
a speed of nearly 5 miles an hour (about ^rd (he speed now at- 
tained) : the length of the boat was 133 feet, depth 7 feet, breajdi 
18 feet ; the boiler was 20 feet long, 7 feet deep, and 8 feet bi'oad, 
and with only one steam cylinder, which was 2 feet diameter, and 
4 feet stroke of piston ; the paddle-wheels were 15 feet diameti 
(dipping 2 feet into the water) and 4 feet broad ; and the bi 
was 160 tons. 

It was not until 1812 that a steam-packet experiment was agi 
attempted in this country, which occurred on the Clyde ; anolh 
was tried at Bristol ; and these were shortly after followed b' 
many others : at length they became pretty general — although 
engines were of very imperfect conatruolioii, one steam cyli 
only being employed ; whereas two ate now invariably used, 
working a crank, fixed upon the axle of the paddle-wheels, 
situated at right angles to each other, so that when one is paai 
the dead points, the other is exerting its greatest power. 

Steam-packets commenced making regular sea voyages in 
year 1818, and they have continued extending Ihcir bounds » 
since, voyages of considerable length being now made ; am 
which may be cited those of the Great Western, and other steamt 
packets to America : and voyages yet more extensive are talkc 
of. 
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The arrangement of the several parts of the marine engine is 
somewhat different to the general land engine^ it being important 
to reduce the space occupied by the machinery as much as possi- 
ble ; the boilers are consequently of less dimensions, but a much 
more extensive surface is exposed to the action of the fire : the 
employment of a pair of engines, instead of one, is independent of 
the advantages before stated, very beneficial ; thus in the event 
of one being disabled the other can work the vessel, which has 
sometimes been the case ; and the employment of several distinct 
boilers is also very advantageous, although not always adopted, 
as in the event of a concussion it is not likely that all would be 
ruptured. A ready method of disengaging the paddle-wheels is 
another point of great importance, as it would enable a steam-boat 
to cope with sailing vessels by the same means, both as respects 
speed and manoeuvreing. It may also be remarked that proper 
safety-valves and gauges should alwa3rs be constructed, to ensure 
safety to the passengers and crew. 

The steam-boats employed in this country at the present time 
are principally upon the low pressure condensing principle, (see 
Steam-EngineJ the whole of the machinery being placed below 
deck, which renders it necessary to diminish the height of the 
engine as much as possible ; and instead of having a working- 
beam over the cylinders, a cross head is placed at the top of the 
piston rod, the action of which is conveyed by parallel motions 
to cross beams on each side, which are situated at the bot- 
tom part of the engine ; the motion, compared with regular land 
engines, is consequently inverted ; the proportions of the cylinders 
also differ from them, the length of stroke being shorter, for the 
purpose of saving height, but the diameter is greater: the valves 
and gearing connected therewith, air-pump, condenser, &c., do 
not differ essentially from land engines ; but the governor is alto- 
gether omitted, it being impracticable to work an engine with 
great regularity, in consequence of the agitation of the water, and 
other contingencies. 




V, E, P, upper eduction pipe. 
L, E, P, lower eduction pipe. 
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Tlieee pipes are employed to pass Ihe steam to the condeni 
aL the tennination ofeuch stroke. 

S, S, slides or valves, by which the steam is admitted alternate 
to the top and to the bottom of the cylinder. 

M, G, main gudgeons, upon which the beams are placed. 

C, H, cross heads, fixed at the top of the pistoa rod. 

S, R, side rods conuecting the cross heads with the workii 
beams. 

C, R, connecting rod communicating witii the crank. 

C, B, uir-pump erosa-bar, the air-pump is worked by two eli 
rods from Ihe beams, and the hot water and bilge pumps are a 
worked from ihe air-piimp cross-bar. 

E, eccentric. 

E, R, eccentric rod. 

E, A, eccentric arm. 

These constitute the eccentric motion, whereby the slide- vah 
or slides are worked. 

W, G, S, working gear shaft, which is operated upon by ih 
eccentric motioo. 

B, V, upper and lower blow valves. 

Upon starling the engines, the steam is admitted into the co 
denser through the upper one ; it then passes out through t 
lower, blowing out all the air and water, by which a partial v 
cuum is obtained in the condenser. 

U, H, F, upper head stock frame. 

L, H, F, tower head stock frame. 

The engine and paddle-shafts are supported by these frames. 

W, waste water slop valve pipe. 

P, injection pipe. 

In American steam-boats the engines are mostly oa the hi 
presHure principle, and a part of the machinery is placed up( 
deck, whereby the whole extent of the hull is left open for ( 
bins, which are, consequently, extremely capacious ; their vess 
not being much employed for sea navigation, nor subject 
to winds and waves, as in our country, can be safely built mi 
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slender and of a more delicate form, which increases their speed 
much ; their bows also glide over the water instead of cutting 
through it, and they are further assisted by the engines being 
made much more powerful than ours ; and the length of stroke is 
very great, although one engine only is employed, a counterbalance 
being generally attached to the paddle-wheels, in some cases, to 
enable the engine to get over the centres ; their great length of 
stroke, however, allows time for a degree of momentum, which is 
mostly found sufficient ; the paddle-wheels also assist on account 
of their large diameter, acting like fly-wheels : where two engines 
are employed their connecting rods are not attached to the same 
axle, but each drive a wheel independent of one another. 

The deposit occuring in the boilers of steam-boats is much 
greater than those of other engines, owing to the salt and other 
impurities contained in the water employed ; and this incrustation 
becomes considerable, if not frequently attended to it sometimes 
acquires a thickness of upwards of an inch, and is so hard that it 
can with difficulty be removed ; a considerable portion of the 
heat is consequently abstracted by it, and the wear of the metal 
increased, besides rendering it more liable to accidents. The 
means of preventing incrustation were very inadequate previous 
to the introduction of Mr. Samuel Hall's patent condenser, in 
which the condensation is effected without the introduction of a 
jet of cold water (as in Mr. Watt's engines), but by contact, or 
the effect of cold water chambers only ; the water employed is also 
distilled, and made available over and over again, allowance being 
made for leakage, &c. : there are also several other advantages 
connected with the invention, as the freedom of the condenser from 
the pressure of any air, which renders the vacuum more perfect. 

The engines of steam-boats are usually considered to consume 
about 8ft). of coal per hour, per horse power. 

Steam-Engine, an engine worked by the power obtained from 
the expansion and contraction of the steam from boiling water, 
which is adopted for the first moving power to the many various 
machines employed at the present time, as for the raising of wafer 
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for impelUng; macblnery for mining, miinufacturing, aud agriot 
tural purposes, also for navigation and for land carriage. 

Every modification of the aleam-engine derives its power froid 
cither one of ihe roDou'ing causes, or from a combination of bothjl 
viz., from the property of water to expand in bulk under lie actioiu 
of heat, assuming the appearance of vapour ; and from the suddeflJ 
return of this expanded water or vapour to ila origipal size, upol 
the introduction of cold, thus steam is generated upon the waten 
being heated to the boiling point (212° of Fahrenheit's thei 
ter) j and if it be contained in a close vessel, and subjected taj 
the action of increased heat, it becomes yet more rarified, i 
ing an increased pressure on the sides of the vessel, and thi 
pressure is regulated by the degree of heat applied ; it 
increased until the power of the steam bursts the vessel — a posi-^ 
live power is thus obtained, which constitutes the frst jiower b 
fore stated. If instead of an inclosed vessel a short tube I 
employed for the reception of the steam, having a sliding torn 
working within it, the power of the Bteam will force the lid u 
wards, instead of bursting the tube, and upon a quantity of steaiq 
having forced its way upwards, by removing the lire, and applyia 
cold water upon the outside of the tube, such steam will almosfl 
immediately be condensed or reduced again to water, occupyii^ 
only -j-^Tidth part of its former size, or thereabouts, (aa a cubid 
foot of steam, when its elasticity is equal to 30 inches of mercury^ 
only occupies a cubic inch of water when condensed), a void o 
space unoccupied either by air, water, or steam, will consequent!]! 
be left at the upper part of the tube, aad the pressure of thu 
atmosphere upon the outside of the tube, which is equal to g 
force of nearly ISfts. to tiie square inch, will immediately foro 
down the sliding top to the surface of the water cc 
the steam : here, then, anotber direct force is obtained, and whicl 
forms the second description of power before stated ; the system oP 
action just described constituting the principle of the common 
atmosplieric engine, the condensation being effected withiii Uie 
cylinder. 



STEAH-ENGINE. 215 

It is very probable that some of the properties of steam were 
known to the ancients, but it was not until about the early part of 
the seventeenth century that its power was made available for the 
working of machines. A mining engineer, named Savery, appears 
to have been the first who constructed and publicly exhibited an 
engine, acting by the expansive force and subsequent condensation 
of steam, and which he applied to the raising of water in the year 
1699; Dr. Papin next introduced the safety-valve to an engine 
of his own contrivance in 1707. The steam-engine also received 
various modifications and improvements from Mr. Newcomen, 
in the year 1707, (whose engines are known by the name of 
atmospheric enginei); and successively by Messrs. Beighton and 
Smeaton, who may be said to have perfected this class of engines. 

The accompanying cut represents an atmospheric steam-engine 
upon Mr. Newcomen's principle : — 
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A, the regulator, or regulating valve, whereby the communict 
lion between the cylinder and the boiler is opened and close 
when required. 

B, the gauge-cocks for Bscertaining the height of the water in 
the boiler, which are so arranged that the extremity of the one is 
A little below the level of the water, and the other a little above 
it, therefore, upon theit being turned, one ahould discharge water, 
and the other steam, provided the water is at its proper level. 

C, the safety-valve. 

D, the piston working in the cylinder, which is open at the t- 

E, the injection -pipe Ibr conveying water from the cistern, t 
into the cylinder, to condense the steam, 

F, ihe injection-cock. 

G, the pump for supplying the cistern, n, with water from thej 
well. 

H, the eduction-pipe for conveying the condensed steam a 
injection water from the cylinder to a cistern placed below it, j 
a valve is placed in its lower end to prevent the water rising ud 
the pipe. 

I, the snifting or blowing-off valve, for passing off any a 
the cylinder ; it is used to expel the air from the cylinder at Btartj 
ing, and opens outwards. 

K, a pipe used to discharge water- on the top of the pistoai 
whereby the whole is preserved air-tight ; it is furnished with 4 
stop -cock. 

L, the beam which turns on an axis fised in the wall, the pistooj 
rod, c, being attached at one end, and the pump-rod, d, at tlu 
other; a weight, e, is fised on the latter rod, for the purpose of aidg 
ing the descent of the pump-rod. 

It is necessary to state, that the regulating valve, A, and tl« 
injection-cock, F, were not worked by the engine, as the valve 
of steam-engines at the present time, but were attended to by th* 



These steam-engines continued in general use until the time o 
Mr. Watt (about the year 1770), who effecled great improve 
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in them ; his first engine is known by the name of the single acting 
engine, being applied to the same purposes as former engines, viz., 
the drawing up of water from mines, and like purposes ; and its 
summary action was not unlike them. He inclosed the cylinder 
in a case or jacket, and filled the space inclosed between them 
also with steam, by which the cylinder was kept constantly at the 
same degree of temperature, but his prime improvement was the 
introduction of a condenser, which consists of a vessel exhausted 
of air and other fluids, and connected with the cylinder by a pipe, 
through which the whole of the steam from the cylinder escapes, 
being sucked into it, where it is very speedily condensed : the 
condenser is placed in a cistern of cold water, which is kept 
constantly flowing by a small ' pump, termed the cold water-pump, 
worked by the engine ; another pump is also attached, called the 
air-pump, which is employed in drawing off* the contents of the 
condenser at each stroke of the piston. Mr. Watt subsequently 
adapted his engine to drive machinery generally, by converting 
the reciprocating motion conveyed to the pump-rods into a rota- 
tive movement ; and, in order to preserve a constant and uniform 
power, he employed the elastic force of the steam to impel the 
piston up as well as down the cylinder — hence the term double act- 
ing engine. He also invented the parallel motion, in place of the 
chains usually employed in connection with the beam, by which 
the piston was enabled to transmit motion by pushing or thrusting 
upwards, as well as by pulling downwards, as heretofore ; and the 
fly -wheel, to render the motion of the piston regular throughout, 
which is eflected by the momentum of its weight, carrying the 
axle round the dead points, or those parts where the power of the 
crank has the least effect : the crank having been previously pa- 
tented by Mr. Washborough, he constructed another movement, 
since known by the name of the sun and planet wheels, but the 
former is generally employed at the present time ; and he intro- 
duced a contrivance, called the govemor^'to regulate the supply of 
steam from the boiler to the cylinder, and insure the uniform 
velocity of the piston. He also introduced the improved way of 
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working the piston by the elastic force of the steam, wUich is Baid 

to have partly arisen from bis having found some inconvenience 
from ihe accelerated motion acquired by the piston towards the _ 
end of the stroke, when it occurred to him to cut off the steal 
before the piston arrived there, and which he afterwards practiseii 
with great advantage, thus, by cutting it off at ^rd ; the rest c 
the descent v/aa accomplished by the elastic force of the steal 
alone, and a proportionate saving consequently accrued. Tqj 
these modiBcutiona of the steam-engine the term low prestttre, o 
condensing engines, is now applied. 

The accompanying cut represents Mr. Walt's double actin 
steam-engine : — 




The cylinder is enclosed i 
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P, R, the piston-rod. 
S, P, the steam-pipe. 
U, V, B, upper valve box. 
L, V, B, lower valve-box. 

The valves are employed to admit the steam to the cylinder, 
and to draw it off at the termination of each stroke, each box being 
furnished with a steam-valve and an exhausting valve, and they 
are put into proper action by levers, /, I, connected with them by 
jointed rbds; and the levers are worked by pins placed on the 
piston-rod of the air-pump. The valves of steam-engines are ge- 
nerally worked at the present time by means of an eccentric 
placed on the axle of the flyrwheel. 

G, the governor, which is mostly put into motion by a strap or 
rope from the main shaft. 

Con', the condenser. 

I, C, the injection cock. 

A, P, the air-pump. 

A, P, R, the air-pump rod. 

H, W, the hot well. 

C, W, C, cold water cistern. 

H, W, P, the force-pump by which the water is conveyed from 
the hot well to the supply of the boiler. 

C, W, P, pump to furnish cold water to the condensing cis- 
tern. 

C, the crank. 

P, M, uk parallel motion. 

The difference between a high pressure engine and a low pres- 
sure lies in the former being worked by the expansive force of 
the steam acting upon the piston, despite of the pressure of the 
atmosphere at the back of same (about Idibs. per square inch, as 
before stated) ; it is consequently required to be of very great 
pressure, whereas a low pressure is worked by the force of the 
steam upon the piston, but a vacuum is formed upon the other 
side by means of the condenser, whereby steam of little pressure 

2k 



STEAM.ENGINB. 

, may be used ; a force of 1 or 2 Iba. beyond ttiat of tbe ftttnoAphere 

b JB all that ia required. 

Leupold gave the firel plan for a high pressure engine ; Mt, 
Watt also vaguely proposed one ; but Messrs. Trcvithick and Vi- 
vian were the first who constructed a high pressure engine, wliii 
they effected in the year 1802, and adopted, amongst other pi 
poses, as a locomotive, for which it suited admirably, enabli 
them to dispense with the condenser, and the whole of the 
chinery connected therewith. — See Locomotive Engine. 

When steam-engines were first introduced, they were U3ed 
neralty for many mechanical purpoae^i where horses had bee 
previously employed, hence the origin of comparing the power 
engines with that of liorses. The resistance which an engine is 
capable of overcoming is called the jiovier of the engine, and liat 
which is ascribed to it by its makers, is termed the nominal power, 
■which of course varies according to the velocity of its action ; 
most engines work considerably above their nominal power, as 
that is understood to refer to their power with sleam of the ordi 
nary pressure only. Mr. Watt's standard was an efl'ective pressure 
of steam in the cylinder of 6 fts. per circular inch for each hi 
power of the engine, and a speed of 220 feet per minute, 
total power exerted by the steam in the cylinder is called the gi 
power, which includes that employed in overcoming the friction 
resistance of the engine; and the e^ecritiepourer is that portion of the 
power absolutely delivered at the crank-shaft, the remaining por- 
tion of the gross power being employed in overconiing#he friction 
of the engine 1 comprising not only that of the piston, pump, 
buckets, stuffing-box, and bearing parts of the engine, but the 
resistance due to the water lifted by the engine-pumpa, which of 
course varies according to circumstances. Mr: R. Armstrong 
states the amount of this last resistance at 2 lbs. per circular inch 
on the area of the piston in the best modem engines, but the ratio 
ia much less in large engines than in small ones. The term dutji 
is used in Cornwall to express the load which an engine is capable 
of raising a given perpendicular height, by the combustion of a 
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given quantity of fuel, which is partly regulated by the construc- 
tion of the furnace, boiler, &c. 

It is held by some engineers, that a steam-engine should pos- 
sess an area of piston equal to 27 circular inches per horse power, 
and that a boiler should have 27 cubic feet for the same, half of 
the latter being reserved for steam, and the other occupied by 
water. It was shown ^by Mr. Watt, that the evaporation of a cubic 
foot of water was the proper measure of 1 -horse power, the boiler 
is therefore, ceteris paribus, the real depository of its power ; the 
best length for a cylinder, is twice its diameter, some make it 2^ : 
in marine engines it is much less, or about the same as its diame- 
ter : whatever be the forin of the cylinders of two engines of equal 
power, the quantity of steam passed through them per minute is 
precisely the same, unless the pressure of the steam differs in 
each, when that possessing steam of the highest pressure will 
have the smallest cylinder. The greater the diameter of the pis- 
ton, compared to its length of stroke, the less will be the velocity 
of its action. The area of steam-ports allowed by Mr. Watt for 
stationary engines was equal to ^jih. part of the area of the 
cylinders, which admits sufficient steam to move the piston at 
a rate of 220 feet per minute, which he states as the best velocity 
for it ; the diameter of the steam-pipe is usually about ^th that 
of the cylinder; some allow it 1 square inch of section per horse 
power. 

Mr. Tredgold gives the following rule for finding the effective 
power of a steam-engine : — 

Multiply the square of the cylinder's diameter in inches by the 
mean effective pressure on the piston in lbs. per square inch, and 
by the velocity of the piston in feet (which is obtained by multi- 
plying double the length of stroke by the number of strokes per 
minute), point off three figures, and divide the product by 42, 
and the quotient will express the number of horses' power; thus, 
suppose the diameter of the cylinder to be 36 inches, length of 
stroke 4 feet, and number per minute 24, and the mean effective 
pressure on the piston 4 fts. per square inch, then — 

2k2 
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24 Diameter 3G inrhes 



Velocity of piston 192 



I03B8 
46656 
aiS4 



42 )995328 ( 23,7 liorses' power. 



Number of horses' power 23.7. 

In rerereuce to the mean effective pressure on the piston, it mi 

be stated, that not one-half the water evaporated from the boili 

is absolutely expended in working the piston, the remaining poi 

tion being lost in passing from the boiler to the cylinders, 

working the air-pump, and by friction, also oa account 

leakage, and various other contingencies, Mr. Tredgold cali 

lated y^Wj of the power of an engine to be thus lost — n 

supposing the force of the steam ; 

inches of mercury, or 5 inches abo 

sphere, and the temperature of the 

its force 3.7 inches, then p5_x_63Z' 
\ 1(100 



the boiler be equal to i 
the pressure of the t 
.condensed steam 120°, and 
— 3.7 — 18,42 or 9.05 per 



square inch for the mean effective pressure on the piston. 

In the case of high pressure engines, the whole pressure of theB 
atmosphere must of course be deducted from the force exerted by ■ 
the steam in the boiler, in order to ascertain the real effect of thel 
engine, and if the engine works expansively, allowance must alao'l 
be made for it. — See Air-Pump, Fiy-Wheel, Governor, Parall^\ 
Motion, Piston, Steam, Safet'j-Vahe. Src. 
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Steam-gauge, a contrivance connected with the boilers of 
steam-engines, and employed to indicate the pressure of the 
steam^ thereby forming a guide> whereby the fire is regulated. 
The steam-gauge usually consists of an inverted syphon, or bent 
tube, formed of wrought-iron, and secured at one end of the 
boiler, and a sufficient quantity of mercury is placed in it to 
counteract the pressure of the steam, the other end being open to 
the atmosphere ; the level of the mercury, therefore, varies with 
the pressure of the steam, the amount of which is communicated 
to an index on the outside ; it may also be said to constitute an 
extra safety-valve, for if any thing should prevent the ordinary 
safety-valve from acting, the whole of the mercury must be driven 
out of the tube. — See Boiler. 

Steam- PIPE, the pipe communicating with the upper part of 
the boiler, through which the steam passes in its passage to the 
cylinders. — See Steam- Engine, 

Steam- Wheel. — See Rotary Engine. 

Steam- Whistle, a device attached to locomotives, for giving 
warning to the passengers and others when the engine is starting. 
It consists of a pipe situated at the top of the boiler, with a cock 
to same, within reach of the engine man ; who is thus enabled to 
turn the steam on or off at pleasure. When turned on, it issues 
through the pipe into a hollow cup, passing through four holes in 
a plate placed at the bottom of it ; the steam then escapes at the 
top, round the thin edge of the cup, striking the same with consi- 
derable force, which produces a loud shrill whistle, and can be 
heard at a distance of many miles. 

Steps, or Bearings, those parts which receive the lower gud- 
geons of upright shafts. 

Stone, or Rock, an aggregation of several hard mineral sub- 
stances, insoluble in water. 

Notwithstanding the general diversity of nature, the same rocks 
are common to all quarters of the globe ; the crust or covering of 
the earth being composed of a number of layers, termed strata^ 
of very different appearance compared with each other, yet com- 
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posed of comparatively few primary elements, but they mre 
Daiioreted or mised togelUer, and are in such a number of propor- 
lioiiB, OS to produce considerable variety ; and motit of the rocka 
lying in bods contain foreign matter, as sheila, fragments of olhoij 
rock«, and of animals, fishes, trees, and plants. 

Stones are named either according to their chemical constitt 
enis, physical properties, or from their external appearance, 
the names of the places from whence quarried. Stone for engi^ 
neering purposes should possess strength, or the power of resist 
ance, in every direction ; also hardness, or the power of attritioi 
vhich enables it to resist blows ; and durability, that it shall not be' 
aflected by any natural agents, aa the atmosphere, water, heat, 
frost. Stone is classified generally under three heads, although 
the component parts of some atone partakes of each class, 
Ist, the silicious, which is least liable to decay, comprising granite, 
sandstone, &c. ; 2ndly, the argillaceous, which comprehends basaU 
and nearly all the slate-stones ; atone of this class, though exces- 
sively hard when laying in their beds, are not suitable for building 
purposes, as upon their being quarried and removed, they ate 
soon affected by the atmosphere ; and Srdly, the calcareous, whicb 
is a very plentiful and valuable class, comprising all limestones, 
from marble downwards ; it is the principal ingredient in all ce- 
ments; and the moat celebrated statues of antiquity being formeiL 
of calcareous stones, bear proof of its great hardness and dui 
bility. 

The under beds of stone, in most quarries, are harder and 
thicker than the upper ones, it therefore frequently happens that 
the best stones are neglected, or very rarely worked, on 
of the expense of blasting and removing those beds coverbj 
them, particularly where time and first cost are regarded ; and it 
is generally considered that stone employed in the vicinity of it» 
native quarry withstands the effects of the atmosphere better than 
when used further off — say a distance of 40 or 50 miles, o 
wards. — See Balh'Slone, Portland-stone, Lime'Slone, Saitd- 
Graitite, Nnlural or Quarry-bed^, aad Quarry. 
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Stone Blocks, on railways. — See Blocks (Stone). 

Stop-planks, a certain description of dam employed on 
canals. 

It is necessary to provide weirs on the line of a canal^ at certain 
distances from each other, except in cases where the space between 
the locks is very short, to prevent the loss of water that might 
arise from an accident, and for other purposes. 

This is usually done by contracting the water-way at such 
points, and carrying up wing-walls from below the bottom of the 
canal, and vertical grooves are made in the face of the masonry 
upon each side, corresponding with each other, for the insertion 
of the hatches, or stop-planks, as they are called. Provision is made 
for stop-planks in most hydraulic works — for instance, grooves are 
made at each end of a lock, on the outside of the chamber, in 
order that the water may be kept out during any repairs. 

Strap, a sort of bandage or fastening for securing the junction 
of two or more pieces of timber, consisting of a piece of wrought- 
iron, of a flat cross section, and extending over each piece of 
timber, according to circumstances, being bolted or keyed to 
them. The annexed cut represents a strap for tying three pieces 
of timber together, as in bridge-building ; the ends of the straps 
are taken through a bottom plate, and made tight by 
means of nuts on the other side. 

Th^ straps employed in securing the bottom of 
king or queen-posts to tie beams, are termed stirrups^ 
and are passed round the under part of the tie-beam, ■ /T'''''''Tj ' 

taken up on each side, and fastened to the posts by 

r E [ gi'i 

gibbs and keys. 

Stretching-course (in masonry and brickwork), a course 
consisting of all stretchers, or stones, bricks, or the like, laid 
lengthways in the longitudinal direction of the wall. — See Bond 
and Heading Course, 

String-course, a term applied generally to a course of ma- 
sonry or brickwork, projecting in a slight degree before the face 
of the wall. 
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Stuffing-box, or Gland, a piece secured 
to the end of a cylinder, pipe, or other ves- 
sel^ through which a rod passes ; a little hemp 
being pressed tightly against it, by which it 
is kept air or steam-tight. A in the cut is 
the piston-rod, and B the stuffing-box. 

Survey^ a measured plan and description of any line or area 
of country. 

Surveying, the operation of making a survey, which is either 
performed by Gunter's chain, both angles and distances being taken 
with it, or the angles are taken by angular instruments, and the 
distances by a chain ; the distances are also sometimes calculated, 
when the survey is said to be performed trigonometrically. 

In chain surveying, the surveyor is confined to one figure, viz., 
a triangle, which should always be as near an equilateral triangle 
as possible ; for when the angle at the top is either very obtuse or 
very acute, the most trifling error in the admeasurement of either 
of the sides will alter its figure, and consequently its area. 

In order to explain generally the principles of surveying, sup- 
pose the plan of a piece of land is required, such as represented 
in the cut : — First erect a conspicuous » 
mark at one comer of it, say at 1, then 
look to the opposite comer, and com- 
mence chaining in that direction, keep- 
ing the line straight by the eye, which 
may be effected by looking towards 
some natural object upon it ; if you 
cannot find any, set up one at the fur- 
ther end, and leave some marks near 
the middle of your line, measuring 
their situations ; these are for the pur- 
pose of running out lines or checks, and are ieraiQ^false stations; 
upon reaching the extremity, commence running a line along one 
side of it, and take offsets to the boundary (see Offsets) : upon 
arriving at the end, put up a mark, and commence another side- 
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line, taking offsets as before, which will bring you to the starting 
point, then measure a tie-line from the angle formed by the junc- 
tion of the side-lines to one of the false stations left in the diago- 
nal commencing the survey, which completes this side ; the same 
system must then be pursued with the other, and in fact with the 
whole survey, of which this may be supposed to form a part ; this 
plan of working is termed surveying by diagonals. The plan may 
also be taken by means of chain angles only ; and it is much prac- 
tised, although not so secure from error -^.J[ 
thus, (see side Cut) : mark off any conve- 
nient length on each of the side lines, as 
1, 2, or 3 chains, commencing from each 
station, and, by measuring the distance be- 
tween them or the tie, the angle will then 
be obtained. It is not absolutely necessary 
to take more than one or two in a field, 
but if others are taken they would form 
checks to the work. 

Chain angles and offsets may also be taken on the out- 
side of the side lines instead of | 
the inside, if more convenient ; 
thus : — 

The angles may likewise be 
taken with a theodolite or a sex- '^ 
tant, instead of measuring them, 
if such instruments are at hand. 

A road may be surveyed, suffici- 
ently accurate for some purposes, 
by means of chain angles; the 

width of it, also the buildings, &c., upon each side being taken 
by offsets; and the commencement of any fences may be sketched 
«^r taken by chain angles. — (See Cut on next page). 

A surveyor commences chaining by first noting his first station, 
he then sends his chainsman forward, who takes the further end 
of the chain in one hand, and the arrows (10 in number) in the 
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other, and when he arrives at the end 
of the chain lie turns round and looka 
to the surveyor for ioatructiona, who 
directs him to the right or the left, as 
may be required, by waving his hand ; 
when the chaiDsman is got into tiie 
right position, he sticks one of the 
arrows in the ground at the end of the 
chain, where he leaves it, and again 
walks forn-ard with the chain. The 
surveyor, on arriving at the spot where 
the arrow is fixed, places his end of the 
chain upon it, and directs the chains- 
man as before : he also takes tip the 
arrow, and proceeds forward until in 
like manner he obtuina all the arrows, 
when he returns them to the chainsman, 
making a note of it in his Field-book ; 
he of course leaves such false stations 
in the line as ho considers necessary -, 
for instance, upon arriving at a fence, 
either upon one side or upon the other, 
which he also notes in his Field-book, 
In hilly country the chain ought not 
to be laid upon the surface of the 
ground, (as represented by Fig. 2, in 




the diagram), but it should be laid 
horizontally, in short lengths, (as Fig. 
1 J, a plumb-line being suspended from 
it. If the hill is very steep, it may be 
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chained straight, and the vertical angles taken with an instrument, 
and the requisite deductions aflerwards made. 

The following Table shows the quantity to be subtracted from 
each chain's length for various angles of inclination of the ground :— * 

Reduction in Links and Decimals upon each Chain's Length, for the follow- 
ing Angles of Elevation and Depression. 



Aaglt. 


Reduction. 


Angle. 


Reduction. 


Angle. 


Reduction. 


o / 


o / 


o / 


o / 


o / 


o / 


3. 


0.14 


9. 
30 


1.24 
1.38 


15. 
30 


3.40 
3.64 


4. 


0.25 


10. 
30 


1.52 
1.68 


16. 
30 


3.88 
4.12 


5. 


0.38 


11.30 
30 


1.84 
2.01 


17. 
30 


4.37 
4.63 


6. 
30 


0.55 
0.65 


12. 
30 


2.19 
2.37 


18. 
30 


4.90 
5.17 


7. 
30 


0.75 
0.86 


13. 
30 


2.56 
2.77 


19. 
30 


5.44 
5.74 


8. 
30 


0.98 
1.10 


14. 
30 


2.97 
3.18 


20. 
30 


6.03 
6.33 



The reduction for one chain multiplied by the number of chains will give the 
quantity to be subtracted from the measured length of an inclination to 
reduce it to horizontal measure. 

Extensive surveys are usually performed by extending a series 
of triangles over the country to be delineated, and it is always 
best to refer to some former plan previous to commencing opera- 
tions, if it can be procured; by which the surveyor will be enabled 
to see the best situation for his main lines, in reference to their 
junction and freedom from obstructions : — 

The first, or base-line, should pass through the centre of the 
survey, and intersect the most intricate portions ; upon determin- 
ing which, set up a theodolite at its commencement, (which should 
be on some conspicuous land-mark, as a church, house, windmill, 
&c., and, if possible, within the extent of the survey) ; next ascer- 
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Uiin very correctly ilie angle formod by tliis line, with llie magna' 

tic meridian, tben take ungles to some conspicuous objects near 
it, in order to fix the exact spot for the purpose of future refer- 
ence ; next erect a high pole upon it, and commence measuring 
the line, driving Blukes along it at distances of about 5 or 10 
chains, and numbering them (the chiun should be previously 
measured, in order to start with a correct standard) ; the roads, 
rivers, fences, &c., must also be ooted, as they are crossed, and 
offsets taken to all conspicuous objects within distance and pro-^ 
minent points ; poles must also be set up along it, occasionBll]| 
to keep it direct : in the event of meeting a house or plea 
ground, through which circumstances prevent a line beuig 
measure an angle, of exactly 60° on either side, with the theodo^ 
lite, and set out a sufficient length upon 
it to clear the obstruction, then take 
another angle of 60° from it, and measure 
the distance equal to the last, which 
brings you on the other side of the ob- 
struction, and in the direction of the 
main line. If the poles set up are be- 
yond the limits of vision, measure the 
supplementary angle of 120" from the 
last-measured side of the equilateral ' 
triangle, which gives the direction of 
the base, and check it by taking the 
bearing, which, of course, will be the same as at starting, if all ifl 
correct. Upon reaching Ihelmd of the base, set up the theodoli^ 
and take the angle of one of the side-lines, which should i 
be very oblique, but as near 45° as convenient, it should a 
have some natural mark upon it, similar to the base-lin 
surement of this angle being very important it should be repeata 
several times, and the mean of them taken ; then set up a pole ij 
tbia station, and measure the new line in a similar manner to tl 
base, daiving stakes at regular intervals, and upon arriving ett ti 
boundary of the survey, or as far as requisite, set up the theodd 
lite, and take an angle to the opposite side of the survey, crossi J 




SURVEYING. 261 

the main line and another angle to the starting pointy or first sta- 
tion, then set up a pole on this station, and measure the transverse 
line as before, and upon the exact spot of crossing take the dis- 
tance from the nearest stake previously left upon it, and terminate 
the line at the extremity of the survey, or as far beyond it as may 
be necessary, so that the tie-lines taken from it to the extremities of 
the base shall comprise the entire survey, excepting any small 
portions, which may be determined by small triangles from the 
principal ones, thus — the four principal lines may be said to be 
fixed, the internal lines may now be commenced, and run accord- 
ing to circumstances. 

It may be stated generally, that it is best to finish one part of a 
survey before proceeding with another, as it prevents confusion ; 
the boundaries should also be taken, and those parts without the 
tie-lines, previous to filling in any part of the plan, but if consi- 
dered inconvenient, such parts only should be circumscribed where 
operations are about to be commenced. ^ 

It is advisable to take the angles of all lines, except those which 
are well tied ; those determined by their extremities only should 
always be taken, for which the sextant may be used, and it is best 
for a surveyor to lay down or plot his work every day, as he pro- 
ceeds with his survey. 

The grand desideratum in all systems of surveying consists in 
obtaining a correct plan, with no more lines than are absolutely 
necessary, and the avoidance of passing backwards and forwards 
over the same ground, together with a clear method of keeping 
the Field-book, which should be as simple as possible ; the system 
generally adopted is, to . number all the lines of a survey, and 
measure the length of each, taking the bearings and offsets from 
them, as may be necessary ; the Field-book being ruled with three 
columns, the distance and bearings are entered in the centre co- 
lumn, and the side columns are employed for noting down the 
offsets and breaks on each side, also for observations, sketches, 
&c. It is the custom to begin at the end of the book, and 
work up the leaf instead of down it, (as in levelling and ordinary 
observations), commencing at A, in the following diagram : — 
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The mark q means station, which ure numbered as the survey 
proceeds ; the figurea in the centre column refer to the diptHma— 
from the station at which the ofisets have been taken, and th^fl 
represent links, being the most convenient for plotting; H^M 
figures in the side columns show the length of the several o^l^ 
on each side, thus ; it is 38 links at a distance of lOO links 
,irom the station to the fence on the right band of the station, 35 
at 320 links, and so on. False stations for subsequeul operatioMV 
ore marked F. S., thus :— 




The F. S. occurs at a distance of 200 links from the station, tu 
the figures 220 indicate that it is 220 links from the station o 
Btarting point to the fence. 

The commencement of a line is headed thus ; — from O 2 (stoitjB 
tion 2) to right or left of base; or F. S. 200 (false station at 20C 
links) on lost line ; or from F. S. 15.20 to F. S. 23.15 ; if the lint 
runs into another, and finishes in same, it is called a close, anAfl 
marked accordingly at the end, as, close at O 6, or close a 
F. S. 700. Tlie length from one station to another is called ibefl 
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length of the line, which is designated according to the starting 
point, as the length of the first, second, or third station line. 
When the bearing is taken, as in the case of running a base, it is 
entered at the commencement of the line, as follows :— 
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The following methods are also adopted for taking roads and 
angles :— 
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Some surveyors also sketch their plans in the Field-book, t. e., 
they enter the several lines as they are measured, and the offsets 
in the order that they are taken, the system of commencing at the 
bottom, and writing upwards, being pursued the same as usual. 
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The following engravings represent two different forms of keep- 
ing a Field-book (page 264 and 265 constituting one, and page 
266 the other), by Mr. Peter Bruff, each referring to the same 
plan, which is plotted at page 267, and either will be found very 
simple and eflficient : — 
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In plolling the work, the wIioIh of the lines of the survey ^otitl 
he ])lotted betbn any ol' the fences are commenced, the seTeral'l 
angles taken by instruments being laid down by a t 
semicircular protractor. — See Plotting. 

In making subterranean surveys, as plans of coal-pits, mint 
&c., a circumTercnler is generally employed, the method of proJ 
ceeding being to plant the instrument at the point of commence- 
ment, when the asaistant walks forward in the proper direction, 
with a lighted candle in his hand, and takes his station, the bcar-a 
ing and distance of it are then noted ; the instrument is next fixeffl^ 
on the spot where the candle was situated, and a second obserraJ 
tion taken in a similar manner to the first, which systes 
sued until the whole survey is completed. 

Tlie area of the land is calculated from the finished plot of thifl 
survey ; and the lengths being taken in links, it is readily ascertain 
by multiplying them together, and pointing off live figures on tl 
right hsnd, when those on the left (if any) will be acres : 
struck off are then multiplied by 4, and five more struck off, 
figures on the left will then be roods. The same principle i 
be pursued for the perches ; thua, suppose the area of a piece tj 
ground, -100 links long, and 260 wide, is required, then • 
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Area 1 acre, roods, 6 perches. 

If the ground is in the shape of a triangle, multiply the hei^ 
by the base, and take off one-half the product for the area. 

Large surveys are generally computed by dividing the whirt 
into columns of equal width, say 1 or 2 chains wide, and evo» 
5 or 10 columns may be also calculated together as a check, andl 
summary of each drawn out, when any errors will be detected. 
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The system of calculating the area of the columns is as follSMB: — 
Suppose the number of square chains in a column to amount to 
108 (either a column 1 chain wide; with a length of 108 chains, 
or a column 2 chains wide, with a length of 54 chains), then bring 
it into acres, by dividing it by 10, the number of square chains in 
an acre ; or otherwise cut off one figure on the right, it may then 
be multiplied for roods and perches, thus : — 
Number of squares in column 10|8 



3|2 
40 



8|0 



Contents of column, 10 acres, 3 roods, 8 perches. 

The conteniB of the whole may also be computed by the mea- 
sured lines, the computer equalizing and arranging such parts 
which may be on the outside into triangles and other regular 
figures. The inequalities of the boundaries may be equalized by 
the eye with sufficient accuracy, t. e,, an extra portion may be 
taken into the calculation in some parts, and a less area in others, 
corresponding to that allowed, by which the true area may be 
found ; this may be effected by equalizing the boundary by a 
pencil, or by laying a thin piece of transparent bone, or a piece of 
glass upon it, remedying the irregularities by the eye. , 

Tables of the contents of various bodies are also very exten- 
sively employed at the present time. — See Arrow, Chain, Theodo- 
lite, SfC, 

Suspension Bridge, a bridge suspended from inverted bows, 
by means of rods, being usually formed of iron, at the present 
time ; the bows are supported by stone piers erected at each end, 
and from thence carried down and secured in the ground. 

Suspension bridges are generally adopted where the span is 
very great : the first notice of them appears to have occurred 
towards the end of the sixteenth century ; the which were com- 
posed of cordage. The most celebrated suspension bridges in 
this kingdom are those erected by Mr. Telford, of which the Menai 
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e'is the most extensive, being 5G0 feel between Ihe points of 

Buspenaion, and 100 feet in Ibe clear above high water-mark: four 
arches are built on one side of it, and three on the other, each 
of 50 I'eet span. 

The bridge consistd of four suspended cables of malleable iron, 
the versed sine of their curve being about 57 feet, or -^r"* "f tha 
epan, and two carriage-ways pass over it, each 12 feet wide, witk. 
a footpath between them, 4 feet wide. Thei^veight of the bridge 
between the points of suspension, including the cables, is said to 
be 489 tons ; and, as the suspending power is calculated at 2,016 
tons, a disposable force of 1.674 is provided to meet any stress 
the bridge may encounter. Thts bridge has, however, recently 
sustained considerable damage, principally from the effects of higl 
winds, There are likewise several other suspension bridges 
great span erected ; aa that over the Thames, at Hammersmitl 
which is of 400 feet. 

It is imagined by some, that chains introduced under tbe plal 
form, in an inverted position to the principal suspension chi 
would give greater strength to these bridges, and render thi 
proof against the action of strong winds from beneath, and bj 
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BTcbing them on tlie plan^ or fixing the 
chains a greater width apart at [he piere, 
tbey would also be proof against side- 
winde, and thereby correct any rocking 
notion. The bridges erected for the Island 
■of Bourbon, by Mr. M. I. Brunei, C.E., 
^ore constructed on this principle. 

Colonel Pasley, R.R, attributes the 
Kinjuriee frequently sustained by suspension 
■liridges during heavy gales, to their being 
Bgenerally constructed without any longi- 
ptudinal trussiog upon the platform, as he 
^onsider^ that the .wind acts from beneath; 
Fthe rise and fall of the Menai Bridge, 
which is not fiirnished with any, ia stated £. 
to be above 3 feet in ordinary gales ; but | 
the Hammersmith bridge, having four ties i 
of longitudinal trussing along it, is not ^ 
so affected. This framing alao serves as a I 
B of enclosure to the footways. S 

The latest improvements in suspension * 
jmprised in Mr. Dredge's 
\" patent i" andthe Victoria Bridge, erected 
ib^ him, at Bath, is upon this principle. 
The construction of the bow chains will 
1 readily understood by the following 
Biagram, which exhibits the form of a 
wrtion of the bow chains of the Menai 
je, and those of the Victoria: — 
The bow chains of the Victoria Bridge 
are tapered gradually to the centre of the 
bridge, and are thereby rendered much 
stronger at the points of suspension ; but 
those of the Menai are formed of similar 
l*ize throughout the centre portion, there- 
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fore, being overcharged, the superfluous weight assists tbe wil 
ond occaaions the rocking motion before noticed ; and those 
tions of the chain next [he piers are deficient in strength to exi 
tbe amount of the excess of the centre portion. Tbe suspendil 
rods are also fixed in an oblique direction instead of vertical, 
in ordinary suspension bridges. — See Bridge. 

Swivel, or Swing Bridoe, a moveable bridge much emplo; 
in docks, in order to admit of tbe passage of shipping, consistii 
of two parts, or platforms, their point of meeting being mid' 
between the abutments ; each portion turning upon a centre pi 
and supported upon rollers, on the same principle as a raUwaj 
turn-table ; the over-hanging portion is balanced and kept in 
proper position by a counterbalancing weight, fixed within 
framing at the other end. 

The iron Swing Bridge, over the entrance-lock, at the West 
India Docks, by Mr. Ralph Walker, C. E., was among the first 
instances of this description of bridge. Timber turn-bridges are 
sometimes erected on canals ; but iron is the best material fc 
them, on account of its freedom from warping 
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Switch, (railway), that portion of moveable rails forming the 
junction of a siding with the main line which are usually sliilb 
by means oi an eccentric movemetd 
enclosed in a box It has I 
general custom to form them of the fdS 
lowing form on colliery railways : 
being the switch rati, which ib mora 
able, and i, the check rail, which i 
moveable ; and this plan of formatiot 
is distinguished by the name of thl 
sirilrk mil. The switches employed 
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the London and Birmingham, and some other railways, have both 




The Check Bail. 



rails formed moveable ; and they 
are connected together by two 
iron bars; and this system is 
known by the name of the check 
rail. Double switches are also 
now becoming used for the out- 
side rail, which is in all cases 
the guiding rail ; and the inner 

rail continues through entire, according to Mr. Curtis' improved 

plan, thus ; — 





Curtis' Sliding Switch. 

The inner pointed switch shUts against a solid, which renders 
the whole much more secure than in the common switch rail, and 
there is a counterbalancing weight connected with the lever handle, 
by which the rails are kept right for the direct line, which is an 
important advantage : moveable rails of this description are 
termed sliding switches, 

2n 
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Syphon, an Inattument frequently employed in bydTautioJ 

consisting of a bent iron tube. 

The properly of the syphon is, that when filled with water, and'il 
placed with Ihe bend uppermost, each leg being situated in a se- 
parate basin of water, it will allow the water to pasa through in 
one direction, but not in the other, viz., from the upper to the , 
lower basin, as upon the air being exhsusted from the lower, 
any wuter situated at the level of the shorter one. it will n 
und pass out at the longer opening. 

Talliis Wall, a wall buttering o 
tFttll. 

Teaming, the operation of leading tl 
I cutting to the embankment. 

The distmice from whence the soil i? 
is teamed, (commonly called the head of the embankment) is deno- J 
minatcd the lead, or liaul ,- and continually increases in length a 
the work proceeds. 

Telechafh, a machine for facilitating the communicatioa 
between distant places, and supposed to be of great antiquity ; 
although not perfected until modern times. A galve 
is laid down upon a portion of the line of the Great Western Rai 
way, which is said to answer very well. 

Template, a sort of mould employed in cutting and settild 
masonry and brickwork. Templates consist of a thin piece % 
iron, cut to the exact cross section of the moulding or other te§ 
ture to be worked. 

Templet, a short piece of timber sometimes placed on a wal 
to receive the ends of a girder; they are more especially used u 
brick walls, aa a large stone is found sufficiently efficacious in -' 
stone walling. 

Tendeh, a waggon built expressly for the purpose of accompa- 
nying a locomotive engine, for the conveyance of the fuel and 
water, the fuel being situated at the bottom of it, and the tank 
containing the water at the upper part. 

The communication with the locomotive is effected by two 
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copper pipes fixed beneath the tank, one upon each Bide, and 
connected with elastic hose to the suction-pipes of the feed- 
pumps, which are worked by the engine. And some tenders 
have a steam-pipe laid on to them from the engine, to warm the 
water. 

The supply of fuel and water carried by a tender depends upon 
the weight of the load, and upon the resistance offered by the 
road, and the rate and amount of the clivities upon it. Some 
carry sufficient to last from 30 to 40 miles, or about 700 gallons 
of water, and 8 cwt. of coke ; but tenders are generally refilled at 
18 or 20 mile lengths, and they mostly weigh about 3| tons when 
empty, and 7 tons when loaded full ; they are also usually placed 
upon ^our wheels, but when of very great weight they are fre- 
quently supported on six. — See Locomotive Engine, SfC, 

Tenon. — See Mortice, 

Tension Bridge. — See Bow-string Bridge, 

Terminal Plane, the plane at each end of a line of railway. 
Terminal planes should always be upon a descent from the depdt 
or station, for the purpose of starting the departure train, and 
checking the velocity of the arrival train. 

Terminus, the extreme point at either end of a railway. 

Theodolite, an instrument used in surveying, for measuring 
both horizontal and vertical angles. 

The theodolite is mostly employed in determining particular 
stations, and in running base-lines, being the most perfect of all 
angular instruments. 

Throttle-valve, (in steam-engines) a contrivance to regu- 
late the supply of steam to the cylinder, and which is brought into 
operation by the action of the governor in fixed engines, but in 
locomotives it is worked by the engine-man, by means of a lever- 
handle. 

Thorough. — See Perbend. 

Tide, the rise and fall of the level of the water in rivers and 
seas, which occurs twice in rather more than 24 hours, and is 
attributed mainly to the influence of the moon. The height of the 
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tide on any particular day also depends upon tlie age of the 
the highest tides being about the time of new and full moons, 
the lowest when the moon is in her quiuters. 

The action of the sun also produces tidea^ but its effects 
less on account of its distance from tlie earth being much great 
than the moon. When the sun and moon are eitlier together, 
directly opposite to each other, viz., at new and full 
gp^ateat influence of each occurs at the same hour, the height of 
the tide is thereby rendered greater than usual, and is termed 
ipring-iide ; when, on the contrary, the moon is halfway betwet 
tLese two positions, or at the quarters, then at any place where 
would be high water by the action of the moon, it would be 
water by the action of the sun, the tide consequently ddM 
rise so high as usual, when it is called a neap-tide. 

Tide, or Guabd-Lock, a lock situated between an entrano? 
basin and a cnnal, harbour, or river, and forming a communication 
between them. It is furnished uath double gates, whereby crad 
can pass them either way, at all times of the tide. 

TiDB-MiLL, a mill connected with other machinery, and coi 
slating of a water-wheel, which is put into motion by the ebbi 
and flowing of the tide. The wheel is sometimes made to 
tmd fall with the tide. — See Water •vikeel.' 

Timber, a term applied to trees afler they are felled. 
trunk of a full-grown tree presents three distinct parts, vi 
bark or exterior ; next to which is the sap ; and the centre of the 
tree, whicli is called the heart, and forms the most essential portion. 

A period of full S) years should elapse after the felling of a tn 
before making use of it for building purposes, during which peril 
it should undergo the process of drying, by being sawed into varjl 
ous thicknesses, as may be I'equii'cd, and properly piled. 

Oak is a most durable and tough wood, and much used for 
ground purposes, as sleepers, plonking, &c. ; it ia exceeded 
none for strength and durability, and is particularly well adapt 
to bear and suspend weights. 

F.lm is a wood often adopted for piles and the like, beil 
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excellent when used under water, but it will not stand alternate 
dryness and moisture like oaL Beech is also used for piling. 

Foreign fir is much employed in this country, Memel, Riga, and 
Dantzic being considered the best. American pine is likewise 
imported ; the red pine being a favourite timber for piling. — See 
Kyanize. 

Traction, the amount of tractive power necessary to overcome 
the resistance upon a road, railroad, or canal. 

Tractive Power, the power of draught required to overcome 
the friction or resistance of a road, canal, or railway, the amount 
of which, is regulated by the state of perfection of each respec- 
tively, and upon the construction of the vehicles to be propelled 
along them. — -See Road, Paved-way, Tramroad, Railroad, and Canal. 

Tram, a local name given to coal-waggons, in the neighbour- 
hood of Newcastle-upon-Tyne; hence the word tramway was 
given to the road prepared to receive them. 

Tram, or Plate- railroad. Tramway, or Trackway, a 
description of roadway consisting of narrow tracks, plates, or 
rails of wood or iron, the same being prepared to receive the 
wheels of carriages or trams, as waggons were formerly called, 
whereby the transit of the latter is much facilitated. 

DeUUi of a Single Waj. Longltadinal Section. 
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a, a J the longitudinal beams or rails. 

b, b, b, the cross sleepers. 
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Trackways were employed in this couutry as early as the year" 
1600, and were originally coiistruoted of timber, the transverse 
sleepers being of oak or fir, from 4 lo 6 inches square, 5 or 6 feel 
long, and laid about 2 feet apart. The longitudinal beants or railsH 
laid across the former were generally of sycamore or larch, beinj 
secured thereto by pins or pegs of wood, and were from 4 I 
inches square, and laid in about 5 or 6 feet lengths, and this dM 
ecription of line formed what was called a single way. (See 
last page.) Wlien two longitudinal beams were laid one upon tb^ 
other, it was called a double way ,- the which constituted a g 
improvement upon the former, the transverse beams were ' 
protected from (he feet of the horses, as a space was obtained fi 
ballasting, which was laid up to the bed of the upper rails, a 
the under rail was also protected by it ; the upper one could c( 
sequently be replaced when worn, without disturbing the lowergl 
the surface of some of these rails was square throughout th^ 
width, in others a small ledge was placed at Ihe side, to keep tl 
wheels in their places, similar to iron-plate rails, while some hs| 
all the edges rounded off like edge-rails, in which case flangt 
were placed upon the wheels of the waggons. 

At the period of coal fuel becoming used in the raetropola 
generally, instead of wood, which occurred in about the yes 
the demand for it caused a proportionate increase in the expens 
of conveyance, which led to the use of iron rails, as a me 
of reducing it, and wrought-iron plates, 2 inches by | an in 
having been occasionally laid upon the surface of the beams, i 
secured by counter-sunk bolls, at sharp curves or steep planes, tj 
receive the wheels of the waggons, gave the first hint to the prd 
jectors. Cast-iron plate rails were first employed in tl 
1767 ; the tiams or beds were generally made aboul 3 inchei 
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wide, with an upright ledge, 3 inches high, termed the keel, cast 
on the surface and upon the inner side, to keep the wheels on the 
tracks, and they were usually cast in about 6 feet lengths, and 
secured to the sleepers by spikes and oak plugs. — See Cuts below. 



Details of a Tramwaj with a single Flanche. 
Flan of one Rail. 
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Section of Rail enlarg^ed. 
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Longitudinal Section of one Rail. 
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Edge-rails were first introduced in the year 1824, and are those 
in general use at the present time. Althpugh tram-rails form a 
very excellent road, when properly laid down, yet they are not 



Details of a Tramwaf with a double Flanche. 
Plan of one Rail. 




Longitndinal Section of one Rail. 
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nqual to edge-rails. There are several modificaiions of them — some 
have a circular flange or web on the outer edge, projecting down- 
wards, which increases their strength much, and the rounding of 
the inner angle fonned by the meeting of the tram and keel i( 
an improvement, as it reduces the (riction, — See Cut on last page. I 

Tramways are yet much used for both permanent and tempora 
purposes, in collieries, mines, and quarries, and in the formation 
of roads, railroads, and for other purposes, as the ordinary carts 
and waggons may be run upon them ; and tliey derive some sup- 
port from the ground between the bearings, which is rammed be-_] 
neatb the plates; indeed they are frequently laid upon the bu 
ground, when employed for temporary purposes. 

There is a tramway from Wandsworth to Croydon and Mers- 
tham, formed of plates of cast-iron, 4J inches wide, and 1 inch 
thick, and laid in 3-feet lengths i the plates have an upper verti- 
cal guide-flanche, 2 inches high, and a fish-bellied lower flanclu 
on the other side. The guide-rails are 4 feet apart, and the spaoj 
between each line is 6 feet ; the plates are bedded on stone blockt 
and fastened down by iron spikes driven into wood plugs, which 
are let into the blocks vertically. Horses are used upon the line ; 
the usual load of a horse being about 4 tons, the waggons weigh; 
ing each 1 ton. 

There is also a tramway at Glasgow, part of which is laid ij 

1 in 20, upon which a horse can drag 4 tons, and the amount d 
repairs upon it is very trifling : the trams are 8 inches wide 

2 inches thick, and are made in 3-feet lengths. 
Tramways are sometimes constructed of stone, which descrip-* 

tion of road we have designated " Paved- way," for the sake of 
distinction, and described under that head. Many of the American 
railways are constructed of granite or hard stone sills, with flat 
bars of iron laid on them, to diminish the wear and tear ; which 
plan has been found to answer very well. — See Railxiay, Edge 
Railway, and Paved-viay. 

Tbjnsit Instrdment, an inatruraent employed in the formatioi 
of tunnels, for the purpose of ranging the shafts straight togetbeid 
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it is fixed upon a brick pillar, carried up solid from the ground, 
and quite independent of the building covering it. 

Trenail, a wooden pin employed in timber framework, in situ- 
ations where iron bolts are considered objectionable. 

Trenails, or Plugs, the hollow oak pins 
usually driven into stone blocks, when any 
thing is required to be secured to them, 
as the chairs employed on railways ; in which p/^^« w^^/z^^cm ^^y 
case iron pins are first passed through the seat ^<^^ ^^^^ ^ 
of the chair, and then driven tight into the 
centre of the plugs, which are generally 6 inches long, and 2^ 
inches diameter, and formed of good heart of oak, or African oak. 

Truck, as applied to railways, a stage or platform running upon 
wheels, and used upon railways for the conveyance of ordinary 
stage coaches and carriages, which are placed upon it. The mails, 
and most of the coaches remaining in the line of the several rail- 
ways, are thus conveyed, the passengers and luggage keeping 
their respective places. 

Tube, a hollow cylindrical body. — See Pipe, 

Tunnel, a subterraneous gallery or passage excavated or dug 
through the earth for the passage of a canal, road, or railway. 

The tunnel on the canal at Languedoc, in France, commenced 
in the year 1666, is one of the first instances of this description 
of work, although the principle is doubtless of much greater an- 
tiquity. The Hartshill Tunnel, on the Chesterfield Canal, and the 
Sapperton, on the Thames and Severn navigation, are among the 
earliest applications of the principle in this country — the former 
is 3,000 yards long, and the latter is 2^ miles, and lined with 
masonry throughout ; there are also some canals in this country 
communicating with coal mines, executed in tunnelling, and that 
to a very considerable extent. 

The tunnels already formed, or forming, upon the several rail- 
ways at the present time, are generally made by sinking vertical 
working shafts, and then commencing abreast each way, upon 
arriving at the proper level ; smaller shafts, termed air-shafts, are 
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aUti made, for supplying the tunnel witb air: ihe excavation 
formed as nearly the size of the lunnel as possibli 
top being supported by limber centreing, consisting of UatSng rii 
&c., also by shours. The brickwork and earthwork are carrlt 

forward simultaneously, or aa nearly so as possible, and usually 
lengths of about 20 feel ; and when the brickwork of a length 
completed, the leading riba are struck, and pushed ou further fol 
another length : the striking or Blackening of the ribs ia attended 
with some degree of danger to the brickwork, if due caution is 
Dot used ; the space between the back of the brickwork of the 
tunnel and the excavation is carefully filled in with earth, and 
well rammed, and if any of the timbers should be found difficult 
to withdraw, they are allowed to remain. The soil of the exca- 
vation is drawn up the shall to the surface of the ground by a 
horse-gin, which is fixed at the top, It is generally the prac- 
tice to set a strong curb in the crown of the lunnel under 
sbafl, to support it, and cast-iron is at present used for t1 
purpose. 

The following cuts represent a portion of the Primrose Hill 
Tunnel, on ihe London and Birmingham Railway, during the course 
of execution, and which was constructed by the method 
staled : — 

Tunnels are also sometimes worked 
by horizontal shafls, or galleries, ab 
that taken through the clifis at Do- 
ver, on the South-Eastern Railway , 
they are also formed in cuttings si- 
milar to bridges, the ground being 
shoared up on ench side, and again 
covered over with earth upon the 
completion of the brickwork, tech- 
nically termed open tvnneh ; an in- 
verted arch is generally unnecessary 

in this description of tunnel, although always formed at the 'hot 
of those of the former description. 
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The Tfaames Tunnel, between Rotberbitbe and Limehouse, now 
in the coutse of execution, by Mr. M. I. Brunei, forms a moat 




surprising inBtance o{ tunnelling ; it coTuLats of a Jouble gallerfi 
ttie widlb of the brickwork externally, iocludiiig both gBUerieB,i 
being 38 Tcet, and tliQ height 22 feet inchea. 

The centre wall is buill up quite solid at first, ibr the sake c 
eccurity, and al\erwanlE pierced with arches of commutucation ;' 
the works Hre conducted by means of an immense framing, termed J 
a shield, which is divided into several compartments or celts, inl 
which the miners and artificers are placed, and it is made to move J 
forward as tbe work proceeds. 

This cut represents the miners and bricklayers at work ii 
shield, which is moved forward by means of the horizontal scj 
shown at tbe top and bottom of the tunnel, (he moving stage whictl^ 
follows tlie shield is also represented, upon which the materials | 
are placed, and the soil thrown : — 
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tine is 24 feet wide, and 27 feet 4 inches high from the invert to 
the crown of the arch, and they are 24 feet 4 inches from the 
surface of the rails to the crown. — See Shaft. 
TCHN 'BBIDOE. — See Swivel, or Swing Bridge. 
TCHN-OUT. — See Siding. 

TuHNPtATE, or TnENTABLB, a Contrivance for removing rail- 
. way carriages from one line of rails to another ; they are gene- 
rally made for crossings at right angles with each other, but can be 
adapted to any angle that may be required. 

A tumplate is composed of iron framing, upon which iron gra- 
tings, or wood planking is laid, thereby forming a table or plat- 
form, two pair of rails being fixed on the upper surface of it, 
crossing each other at right angles, and of a corresponding gauge 
with those laid down upon the line. The platform is made to turn 
upon a centre pivot, which rests upon another iron frame, set 
on masonry; friction rollers being inserted between this frame, 
and that supporting the 
platform, which are si- 
tuated at the edges of 
the table, and either 
secured to the circular 
curb, which encloses the 
table, or connected with 
the centre socket by iron 
rods. 

Thesizeoftumplates 
is regulated by the length 
of the engines employed 
on the line of railway : 
they are 12 feet diame- 
ter on the London and 
Birmingham Railway ; 
but they are made only 
8 feet on some railways., 

Undeepinking, the operation of making additiona or rep^rs 
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to the foundations of walls, in which c&ee tiie latter are suppi 
by strong timber sliours and needles. 

Undebsettixg, tile operation of supporting the earth 
cutting, when occurring below rock ; and it is effected by the 
stono quarried from the rock, which is laid in courses against tba 
face of the soft soil, the rock being formed as nearly perpen- 
dicular as considered safe and convenient to work. 

The great Bllsworth cutting, on the London and Birminghani 
Railway, is a good specimen of this description of work, 
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is also necessary that a valve be well made, bo bs to move on 
the applicatiou of a very small degree of force. 

Valves are constructed in a variety of forms ; but tbey may ba 
described generally as being of four kinds, viz., 1st, those of the 
revolving description, comprising all cocks, from that in common 
use to the four-way cock employed in steam-engines ; 2ndly, slid- 
ing valves, as the D slide valve, which is employed for a similar 
purpose to the last stated ; 3rdly, the lifting kind, as the safety 
valve in geoeial use for steam-boilers ; and 4thly, the hinge class, 
as the clack- valvi^ which moves similar to a hinge. The two last 
classes may be said to act in a somewhat similar manner. — See 
Air-valve, Clack-valve, D Valve, Four-way Cock, and Safety Valve. 

Vernier, a contrivance connected with a graduated scale, and 
employed for measuring any portions of the space between the 
most minute dimensions. Verniers are applied to most of the 
optical instruments used in surveying. 

Viaduct, an elevated erection, usually consisting of a series of 
arches, and very similar in appearance to an aqueduct, but con- 
structed for the conveyance of a road or railway, instead of a 
canal or other body of water. 

VonssoiES, the stones farming an arch, the beds radiating to- 
wards the centre or centres forming the curve. The centre vous- 
soir of an arch is called the key-stone. 

Waggons (railway) ; the form of carriages used upon railways 
depends, in a certain degree, upon the description of goods con- 
veyed by them, although the same form of wheels, axles, and 
bearings, are common to all. The bodies of the waggons first 
employed were in the form of an inverted pyramid, or the shape 
of a hopper, being much wider at the tap than the bottom ; and 
this form is still retained for coal waggons and the like. 

The wheels of some of the waggons em- 
ployed upon the old wooden railway had 
flanges on the edges, similar to those used 
on edge rails at the present time ; and as 
most of the colliery railways descended 




WALL— WASTt: WKIH. 

towarda tlic depots, the fore-wheels were made of greRter diameUi 
tbait Ihe hind ones, according lo tbe angle of the 
lo keep lliti bodies in a. horizontal position ; and this system hgg) 
been gradually given up, all four wheels being now made of si 
size. The modem coal waggons are about 8 feet long by 5 fed 
6 inches wide at iho lop, and 4 feet deep ; which si/e will cantat4 
2 tons 15 cwt., or nearly 3 tons, by heaping the coals up. 

The bodies of the w«ggons, upon tbe Newton and some otbei 
railways, are suited both for railway and common road travellinn 
which is very economical and convenient. — Sfe^Axle, Bearing, a\ 
Wheel. 

Wall, a solid atruclure, composed of either stone or Lrick^ 
work, being usually carried up perpendicular, and of nuiotd 
Ihicknesaes, enclosing and supporting other works ; tbe front s 
face of a wall is usually termed ihsface, and the stones or bricks 
forming it the facing ; the inside is the back, or tail, and the 
materials composing it, the backing ; the interior, or space enclosed, 
being called the core, or filing in. The face of a wall is some- 
times sloped, the latter being termed the battfr. — f'See Bailer). A 
wall iscarried up in layers, called courses; if the courses are of equal 
thickness throughout, the term regular coursing is applied to them, 
and if unequal, they are called random courses.- the system of lay- 
ing the stones in the several courses forming a wall, is termed the 

The principal cause of decay in most structures arises from the 
unequal settling of the walls, which creates cracks and bulges in 
them, as they are not usually calculated to resist lateral strains, 
but are mostly built with a view of sustaining vertical pressure 
only.— See Bond. 

Warehoctse, a strong erection formed for the reception of vo^'J 
rious description of goods. 

Washer, a piece of iron used in connection with a boll.— 
Bolt. 

Waste Weih, a cut constructed through the side of a c 
for carrying off any surplus iviiter llial may not bo 
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the navigation at certain times and seasons, operating as a drain. 
The front of the cut next the canal is generally faced with masonry, 
which is carried up solid from below the bottom of the canal, to 
the level of the pond at that part ; therefore, when the height of 
the water exceeds this, it escapes into the cut, and hatches, or 
stop-planks, are fixed in the wall, to dam it off, when necessary. — 
See Weir. 

Water Stations (on railways), a small reservoir of water 
upon a line of railway, consisting of a tank, connected with a 
well. There is only one water station upon the Liverpool and 
Manchester railway, between the termini, a distance of 29^ miles, 
which is at Newton, where the trains stop. 

Water- Wheel, an hydraulic machine employed in connection 
with mill-work, filling the situation of prime mover, it being the 
instrument whereby the motion of the water in a river or stream 
is brought into action. 

There are four descriptions of water-wheels; viz., 1st, the 
undershot; 2nd, the overshot; 3rd, the brecist wheel (each of 
which receive the impulse of the water vertically) ; and, 4th, the 
horizontal, upon which the water acts horizontally or bodily. 

The undershot water-wheel is the most simple in action, and 
was in use long before the others, being the cheapest and readiest 




The Undenhot Water-wheel. 



for small streams in their natural state ; and it may be used almost 
without any fall in the stream, provided there is plenty of water 
and a good current, as it acts principally by the momentum, and 
not by the weight of the stream ; it also answers equally well both 
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ways, which rendem i( verj saiuUe tot tide nten. Tbe n 
•hot wheel workii bcttt wh«te the dUEenxux betweea tbe ebb aod 
flood is not very great, as it should not be inuDcned in the viler 
much beyond the width of ibe float-boards, on accounlof tbe loss 
of power occaaioned by the action of the waler upon them whea 
returning upwards, after having passed tbroi^h tbe lowei p«rt of 
tbe wheel-course ; but if adopted under such circoniEtaaoes, tbe 
diameter of the wheel shouhj be made iuSicieRUj large to allow of 
a email segment only of its circumlerence being covered by the 
water. 

The overshot wheel is usually made in tbe shape of s dram, 
upon which a series of buckets ore constructed, the water [i 




over the top of the wheel into them; it therefore acts by tb< 
;^nivity or weight of the water in the buckets, as well as by tbt 
momelum of the stream. This plan gives the greatest powei 

with the leuet expense of water, as the thickness of the stream it 
seldom more than half an inch, oi an inch ; a penstock or sluict 
being fixed at the head of the wheel, in a proper trough, n 
regulates the supply. The overshot wheel requires a fall ij 
stream equal to rather more than its own diameter, which rendei 
il. necessiii'y to make it of greater length in proportion to its hetglil 
than is usual with other wheels. Its power is calculated at dm 
thnt of Ihe undershot wheel. 
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The breast wheel is a medium between the two former, and 
c^onseqaentl; much the moat general; but, like the overshat, it 
requires a considerable force in the stream, and thereby also 
destroys it for the purposes of navigation. The water usually 
atrikee the wheel at rather below the axis, although sometimes 
situated above it, and either floats or buckets are employed to 
receive it ; the former are mostly adopted, and no water is allowed 
to escape past the mill-course without first operating upon them, 
there being no space leil between : the supply of water is regulated 
by a penstock, as in the last description. The breast wheel con- 
sumes about double the quantity of water of the overshot wheel, 
in performing the same quantity of work ; the diameter of the 
wheels, number of float-boards, &c., being similar in both cases. 
This method is the most suitable when the fall is between 4 and 
10 feet ; when it exceeds the latter, it is best to divide it into two 
falls, and the supply of water must of course be ample in either 
case. 




It is a very essential point with every description of water-wheel 
to get rid of the faif-water, or that which has acted, afld is cons^ 
quently discharged at the bottom of the wheel, as the power or 
the wheel is considerably reduced by its accumulation ; two small 
culvefl* or drains are sometimes employed to e&'ect;it, which are 
made in the masonry, passing from the head ofi the wheel to the 
tail- water, when the impetus of the stream rushing from the upper 
2f2 
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pond dovB UteM dnios viU be fmiBd to cmny off tbe spenH 
Tcrv effectually : a penstock diould also Le {daced al the top of 
emch of these culrerts, in order to cut off tlie escape of water in 
dry seasons, or when scarce. 

In situations where the supplj is large and the fall little, an 
tindershot wheel may be used ; if, on the contrary, the fall is Urge 
and the supply small, the ot-ersbot 'a most appropriate; and in 
cases where the height of fall and quantity of water is bat mode- 
rate, tbe breast wheel ehould be adopted. An underplot wbeel 
works best when its circumference moves wilh between a ^ and a 
Jrd the velocity of tbe stream, but overehot wheels are not in- 
fluenced by it, as all the buckets have to be filled in succession. 
Mr. Smcaton determined on 3 feet per second as the best velocity 
of fall for the latter, tbe distance from the spout to the receiving 
bucket being two or three inches, 

Tbe full power of a stream should always be taken advantage of 
in the construction of mills ; a wide wheel of small diameter is 
best where great speed is required, if otherwise, a large narrow 
wheel may be employed. 

The horizontal water-wheel is rarely met with, being very infe- 
rior to the former, on account of the resistance offered by the Soat- 
boards in reluming against the stream, and other defects. Mr. 
Robert Beatson suggested the employment of suspended float- 
boards, which should present a surface for (be stream to act upon 
in passing down, and allow the water to pass between thera in 
returning upwards against the stream, the principle being similar 
to that of bis patent horizontal windmill. — See Windmill. J 

There is also another form of water wheel, termed " Barier'rJ 
Mitt," from the name of the inventor, which, however, is rarelyl 
employed ; tbe water passes down a tube placed vertically, and 
escapes from a cross tube al the bottom, through two apertures 
placed in opposite directions of its extremities, and the engine 
acts by means of the reaction or counter pressure of the issuing 
water, when tbe lower tube is caused to revolve horizontally, and 

B whole machine with it; a vertical axle being placed v. 
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vertical tube, which gives motion to a horizontal one at the top 
by means of a pinion. 

The propelling wheels of steam boats are termed paddles^ the 
intent of which differs from the wheels before described, as they 
act upon the water, using it as a resisting force, whereas the for- 
mer are acted upon by the water, t. e,, by the motion of the 
stream. 

Water- Wings, the walls erected on the banks of a river next 
bridges, to secure the foundations from the action of the current ; 
they are usually battered towards the stream, having good puddle 
filled in at their backs, and are sometimes further supported by 
sheet piling at the feet ; they are usually executed in curved lines, 
the water-way being contracted at such parts. 

Water- Works, the name applied to all description of works 
employed for raising or sustaining water, as water-mills, wheels, 
sluices, and various other hydraulic works ; but it is not generally 
understood at the present time to refer to any other than works 
erected for the purpose of supplying cities and towns with water 
for the daily use of the inhabitants. 

The water for the supply of cities and towns is generally ob- 
tained from the neighbouring rivers or streams, and pumps are 
employed in forcing the water to the requisite height, which are 
worked by powerful steam-engines; where there are no fresh- 
water rivers within reach, the water is procured from wells, and 
the power required in this case is stated by Mr. Wickstead to be 
double that of the former : the water is also sometimes conveyed 
from the rise or upper portion of a river, by a small cut or canal ; 
and as the velocity requisite for the water in the cut is small, 
compared with the usual run of rivers, the level of the cut at its 
termination is consequently higher than that of the river, and 
upon being taken a sufficient distance the required head of water 
may be thus obtained; The New River, London, is formed upon 
this plan, although it is said to be generally the most expensive 
in carrying into execution, but the annual expenses are less than 
where steam-power is employed in maintaining the required head 
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of walet. If there are good springs of water in a town, andtliey 
are Bituoted at a sufficient elevation to supply the houses, the 
cost will be trifling, compared with any of the above-mentioned 
Bystems -, but it is an occurrence which rarely happens. 

The wuter is frequently conveyed a consideiable distance in 
iron pipes, through large cities and towns, on account of the num- 
ber of houses to be supplied : the principal pipes are called raaias, 
ot main pipes, which communicate directly with the reservoirs, and 
are laid down in the principal streets only, and pipes of smaller 
bore, termed services, ot service pipes, are connected with them, for 
the use of the remaining streets ; a cock is placed at every such 
branch, whereby the communication with the main is either opened 
or closed, the latter being always charged with water, and there 
is a small lead pipe laid on from the services to each house or 
tenement requiring water. 

The cocks of the services situated at tbe most distant parts 
kept open a longer time than those near to it, in order that 
whole district may have an equal supply, the velocity of the water 
at the extreme parts not being so great as where near the source : 
for when water is forced through pipes, either by a natural or arti- 
ficial head, or by steam, or any other power, friction is creati 
according to the velocity of the water, and the distance which 
travels in the pipes -, therefore If the power be not increased, th4 
velocity of the water is lessened as it proceeds forward. 

In small towns one line of pipes is generally found sufficieni 
and there are small lead pipes laid on to it, as with the farmer -, I 
whole of the houses therefore receive an equal supply, and 
the same period of time. 

There are fire-plugs made on the several mains and services, 
certain distances, which consist of holes about 2 inches diameter, 
into which wooden spigots are driven ; they are easily removed 
in case of fire or frost, and the whole force of the water may 
directed to one spot, by closing the service-cocks in the aurroum 
ing portions of the district. 

The ancients emp]o3'ed lofty aqueducts for the conveyance 
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the water intended for the supply of cities, and it has been stated 
that they were ignorant of the circumstance of water situated in 
pipes, rising to the level of the reservoir connected with them ; 
the comfort and convenience of having pipes laid on to every 
house, as provided at the present day, was also unknown to them, 
at least the superior habitations only possessed it, the means of 
casting or constructing large iron mains being then unknown. 

The conveyance of water for the use of the inhabitants of the 

city of London, and the general purposes of consumption, was first 

introduced in the year 1236, being brought from Tyboume ; afler 

-which period stone conduits began to be used, which were at first 

lined with lead. 

The Chelsea Water-works are among the most extensive : the 
supply is first received from the river into a large reservoir, 100 
feet by 70 feet, and 10 feet deep ; it is then passed into another, 
which is lined with stone and brick ; from thence it is pumped 
into two reservoirs, paved with bricks, laid edgeways — the southern 
one is 300 feet by 100, and the northern 540 feet by 140 ; and 
their level being high, the water gravitates downwards, passing 
through filtering beds, which are of great extent, the southern 
one being 240 by 180 feet, and the northern 351 by 180 feet, and 
the level of the latter is kept higher than the other : the surface 
of these beds is composed of sand, and disposed in ridges, pre- 
senting an undulated appearance ; their sides rise about 12 feet 
above the surface of the ground, and are strongly embanked 
and turfed over ; the water is let on to the beds at several places, 
the ends of the pipes being fitted with curved boards, to diffuse 
the currents of the water, and prevent th^Burface of the sand 
from being disturbed ; the bottom is formed of clay, 18 inches 
thick, to keep out the land-springs, and tunnels or culverts, 3 feet 
in diameter, and about 18 inches thick, are laid upon same, ex- 
tending from one end to the other, viz., nine upon the northern^ 
and eleven upon the southern ; they are built of cemented blocks 
of brickwork, with the joints partially open ; the heading joints 
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Are quile open, and every alternate brick is omitted, the Water id 
thus enabled to pnss through them ; a covering of giuvel stones 
IB then laid over the n-hole, 2 Teet thick, upon which is a 6-inch 
layer of shelly concrete, next a bed of coarse eaud, and, lastly, 
one of fine sand ; the two Isat ooctipying a depth of about 5 feet : 
wooden troughs, 3 feet by 6 inches, and 3 feet deep, are placed, 
between the tunnels, and about 10 feet apart, which prevents t1 
water from washing the sand into holes upon its admittance int 
the fillerer. 

The deposit left upon the surface acquires a thickness of 1 
S inches in about three or four weeks, when about one inch of 
is raked off, the remainder tending to improve the filtration 
rendering the interstices less : the grosser portions of silt slide 
down the ridges, and are easily removed. It has been ascertained 
that the sediment does not penetrate through a greater depth than 
fifom 6 to 9 inches, according to the stale of the Thames water, 
the greatest occurring during the prevalence of land floods 
river. 

Upon the water having passed through these tilterera, it il 
received in an open culvert, 15 feet deep, and is from them 
conveyed to the mains : a steam-engine of 120 horse 
employed in raising the water ; 3,.500 gallons of which is raise 
per minute, or upwards of 5,000,000 gallons per day. The 
pense of these works is said to exceed £60,000. 

According to a Parliamentary Commission, appointed a 
years back, to enquire into the subject of the supply of water 
the metropolis, the average quantity supplied was stated to be 171 
gallons to each hoi|j^ daily ; but it must be remembered, thi 
very few of the cisterns are empty when the water is on, therefoi 
nothing like that quantity is consumed. Mr. Tredgold slates that 
the supply of water to a town should be 10 cubic feet per day for 
each house, exclusive of other demands, as for manufactories, 
breweries, watering streets, &c., aroouatiiig in the whole to 4 cubic 
feet per day for each person ; in small towns 2^ cubic feet is 
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sufficient. He also gives the following Table, which may afford 
some criterion : — 



Towns. 


Inliabltants. 


Snppljofwmtcr 
perdaj. 


Each penoa 
pwrdaj. 


London 

Edmburgh (old service) 
Rome (modem) . . . 
Rome (ancient) . . . 

Paris 

Plymouth 


1,225,694 
138,235 
136,000 

1,200,000 

713,765 

21,570 


Cubic feet, 

3,888,000 

80,640 

5,305,000 

10,500,000 

293,600 

33,400 


Cubic feet. 
3.15 
0.61 
39.0 
9.0 
0.42 
1.56 



Weir, an erection carried across a river or rivulet, for the pur- 
pose of damming up the water for the convenience of irrigation, 
and for other uses. 

Weirs are formed of stone and brickwork, or of timber, being 
composed of frames placed side by side, in which stop-planks or 
hatches are dropped, by which the head of water is supported ; 
cast-iron is also sometimes used for the paddles and framing : a 
single firame is, properly speaking, a sluice ; it requires a series of 
them to constitute a weir. — See Dam and Waste Weir. 

Welding, the process of uniting or joining two pieces of iron 
together by the aid of heat and pressure. 

Well. — See Artesian Well. 

Well-hole, a hole connected with some mechanical contri- 
vances, and adapted for the reception of a counterbalancing weight, 
and for other purposes. 

Wet Dock. — See Dock. 

Wheel, an agent very extensively employed in machinery ; the 
wheel, with its axle, constituting one of the mechanical powers. 
Regarding toothed wheels, it may be stated, that they are described 
generally as cog- wheels-; although the term cog bears more imme-* 
diate reference to one of the teeth fixed upon the circumference of 
a wheel, the same being originally made of wood : when they are 
formed upon the body of the wheel, or both out of one piece, they 
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are termed teeth ; and the teeth of a pinion are called leaves^ and 
those of a trundle, staves. 




In the case of two cog-wheels in contact with each other, as 
represented in the cut, the radii up to where the teeth com- 
mence, B, B, is called the proportional radii; a line joining their 
centres, A, A, is called the line of centres; and the distances to 
the extremity of the teeth, C, C, is called the real radii ; the dis- 
tance of the teeth from centre to centre, D, D, is called the pitch of 
the wheel ; and the circles from which each commence, E, E, the 
pitching line, 

A wheel which acts upon another, is termed a driver or leader, 
and the wheel acted upon, the droven or follower. 

Wheel (of a carriage), a solid disc or circular frame, con- 
structed of wood or metal, turning upon an axis, and used for 
facilitating the conveyance of carriages. It consists of three parts, 
viz., — 1st, the nave, hub, or centre ; 2nd, the periphery, or outside 
ring, being usually formed in circular pieces, termed felloes ,- and 
3rd, the spokes, or radii, which connect the former together. 

The peripheries of roadway carriages are encircled by tires, 
formed of flat bar-iron, made in pieces, and secured by nails pass- 
ing through the felloes, with nuts and washers. The best sort of 
vehicles have the tires of the wheels made in a single piece or 
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ring, which being put on in a hot state draws and binds the whole 
firmly together by the contraction of the metal in cooling. The 
common practice of making the rims of wheels conical is highly 
injurious to the roads, as it gives the wheels a tendency to move 
out of the line of draught The plan of rounding the extreme 
edges is less objectionable: but flat edges, or wheels perfectly 
cylindrical, are much the least destructive : they also run much 
lighter than the former. 

The wheels of railway carriages were originally made of wood, 
which material was retained for the wheels acted upon by the 
brake long afler the introduction of cast-iron wheels, as it was 
supposed to afford a greater degree of adhesion ; but metal having 
been found to answer equally well for that purpose, iron is now 
adopted for the whole of the wheels. The next 
improvement was that of case-hardening the 
peripheries of the wheels, which arose from the 
great injury they sustained (and consequent 
increased wear and tear) upon the introduction 
of edge-rails: this plan also reduced the resist- 
ance, but was subsequently found objectionable, 
on account of its rendering the wheels brittle, which led to the 
adoption of wrought-iron tires, by Mr. G. Stephenson, who was 
the first engineer that employed them ; the wear of which is about 
T^-th of an inch per annum, or about -J-rd those of cast-iron : they 
are also generally formed of a slightly 
conical shape, with flanches on the in- 
side, thus : — (See Cut above.) 

The annexed cut represents Mr, 
George Stephenson's patent wheels j 
the spokes are of wrought-iron, and 
are formed hollow, the nave and rim 
being cast on to them ; the rim is then 
turned in a lathe, and a wrought-iron 
tire fixed on it. 

2q2 
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Mr. Losli'a patent wlieels have ac- 
quired great repute, Tbe whole ie or 
wrought iron, except the nave. 

Mr. Joseph Bramah's are the last 
wlieels produced, and certainly surpass 
all former wheels. The whole of this 
wheel is also formed of wrougl it-iron, 
except the nave, and it is Rnislied by ' 
a wrought-iron ring being made hot, 
and contracted on to the spokes ; the 
tire is put on in a similar manner, and 
further secured by bolts, and properly 
turned and finished. — S« Axle, Bear- 
ings and Curve. 

Whims, large capstans connected 
with the shafls of mines, and worked ntvMn. i:ir.ui<m. 

by three or four horses. 

Winch, the name applied to the bent handle or crank, by whia 
the axles of machines are turned when manual labour is employ«d 




Windlass, a circular asis turned round by crank handles, 1 
one or two men, for the purpose of raising water or minerals froi 
wells or mines ; the anchor used on board ships is raised by J 
windlass worked by shifting levers. The crank handle by whiol 
any contrivance is turned is also known by the name of a windlaa 

Windmill, or Wind Engine, a contrivance for acquiring 4 
first mover or power for machinery from the impulse of the wiua 
and which is adopted for various purposes. Windmills are a 
frequently employed in grinding com; they were also much i 
formerly for draining marshy land, but steam power has supers 
their use considerably, in common with other early machines. 

Windmills are of two kinds, vertical and horizontal. 

The vertical are those almost invariably met with, having four 
cross vanes or arras fixed at the extremity of an axis lying in a 
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horizontal position, or nearly so. The vanes are formed in the 
shape of trapeziums, of about 9 yards long, and 2 wide, and are 
covered with canvas or cloth upon open lattice-work framing. 
The position of the sails in this kind of windmill is obliged to be 
accommodated to the direction of the wind, and there are two 
modes of effecting it practised; viz., by the post-mill^ which 
is built around and upon the trunk of a large tree, properly braced 
and strutted next the ground, and a certain height is settled for 
the lower and the upper floors, upon which it is turned bodily 
when required, a pivot or centre being formed in the upper floor, 
which rests upon the top part of the trunk ; the lower flooring has 
a collar framed in it, which also rests upon the outer edge of the 
trunk, the latter being passed through the collar. The mill is turned 
by means of framing at the back, which descends in a sloping direc- 
tion, and is fastened in a temporary manner to posts driven into the 
ground, or it is rested on the axle of a moveable wheel, which de- 
scribes a circle round the mill, and thereby takes any position that 
may be necessary. The other method of setting the sails to the 
wind is accomplished by means of smock mills, and which are built 
in a more substantial manner, the lower part being formed of stone 
or brickwork, and the upper of wood, usually in a conical form. 
The head is constructed on a moveable plan, and accommodates 
itself to the direction of the wind by means of some small sails 
situated at the back part of it. 

Horizontal windmills are worked by sails set horizontally, the 
axis being in a perpendicular position. It is natural to suppose 
that the action of the wind would be much greater when employed 
in a direct manner against the sails, as in this case, than when 
acting in a lateral course, as it does with the 
former description, but the resistance pre- 
sented by the vanes or sails upon returning 
against the wind, forms a great objection to 
their use ; they are calculated at not above 
^rd to |th the power of the vertical. 

Mr. Robert Beatson effected a consider- ^'''H^riJ^nSw'^ndmml*"* 
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able improvement in ihera by his patenl of 1798 — he propc 
having the vanes formed of suspended flaps, w 
the action of the wind, and upon returning Ihey opened, allowin 
it to pBSs between Uicm. 

Both in the cuse of windmills and water-wheels, for grinding 
flour, the prime mover is connected with large mill-stones, be- 
tween which the com is ground, the motion being c 
to them from the sails by means of a vertical axle. 

Winze (in mining), a small pit or shall sunk from one level ^ 
another, for the purpose of ventilation. Winzes are general 
constructed in mines al regular distances, those of one levl 
being placed midway between those of the level above or beld 
it, thus : — 



J^ 



A, A, A, represent the winzes. 
Wood Screw, an iron screw, in which the body tapers, ' 
not the worm, the latter continuing straight to the extremity. 
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Balance Beam . 
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Balks .... 
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Bank .... 
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Bar 
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Bar (in navigation) . 
Barrel (of a drum-wheel) . 
Barrel (of a pump) . 
Barrow 
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Base Lines 
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Bat ...... 
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Bath Stone . . . . 
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Batter 
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BolU 
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Bonnet 
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Breast WaU . 
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Clinometer 

Coal-mine. 
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Coffer Dam 
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Conduit . 
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Constant (railway) 
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69 
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93 


Culvert .... 
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Page 30, line 23, for backs, r^d bricks. 

— 40, — 10, — 250 feet span, read 25 feet span. 

— 43, — 25, — something, read any thing. 

— 47, — 14, — coffer dams, read coffer dams, or coffre dams. 

— 49, — 2, — boats, hooks, read boat-hooks. 

— 73, — 34, — water, read dam. 
— ; 76, — 8, — material, reo^ load. 

— 76, — 26, — strains, read weights. 

— 85, — 25, — straiths, read staiths. . 

— 89, — 18, — prismoidal, r«adf prismoid. 

— 100, — 29, — covered, read curved. 

— 101, — 10, — posts, read parts. 

— 105, — 11, — sheep, read sheet. 

— 105, — 32, — C, read D. 

— 105, — 32, — D, read C. 

— 106, — 2, — lower, read upper. 

— 106, — 3, — upper, read lower. 

— 106, — 5, — D, read C. 

— 107, — 21, — roading, rcflrf roadway. 

— 109, — 7, — runs, read run. 

— 109, — 21, — 33, r€«rf33*. 

— ^129, — 9, — clumps, rearf clamps. 

— 166, — 34, — crumped, read cramped. 

— 171, — 27, — brick, rcflrf bridge. 

— 182, — 29, — pig-iron, read iron. 

— 224, — 19, — dry, read dug. 
— - 242, — 29, — P, read I. P. 

— 269, — 25, — bone, read horn. 

— 290, — 15, — mometiun, read momentum. 
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WORKS RECENTLY PUBLISHED 



ON THE VARIOUS BRANCHES OF 



lRCHitecture, civil and military engineering, 
mechanics, naval architecture, &c. &c. 

BY JOHN WEALE, 

ARCHITECTURAL LIBRARY, 59, HIGH HOLBORN, 

•e an Extensive Stock' of all the approved Publications relating to the above Subjects^ and the 
Fine Arts, whether Foreign or Domestic, is constantly on Sale, 
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Just Published, in large 4to., Price \%s, 

STUDIES OF MODERN ENGLISH ARCHITECTURE. 

THE TRAVELLERS' CLUB-HOUSE. 

By CHARLES BARRY, Architect. 

Illustrated by Engrayings of Plans, Sections, Elevations, and Details, by J. H. Le Keux. 

With an Essay, including a Description of the Building, by Mr. W. H. LEEDS. 

rhis volume, complete in itself, is proposed as the first of a series under the general title of ^* The 

Modem School of English Architecture." 

The Plates, engraved by J. H. Le Keux, from the Drawings of Mr. Hewitt, are examples of 
ction in this species of art. We do not believe that any artists that ever lived could carry it 
er. They will afford exemplars both to architectural draughtsmen and engravers, as well as to 
tects themselves ; and will go down to posterity as the remains of Grecian architecture have 
mded to us. 

[lie author before us seems to be exactly the sort of commentator to grapple with doubts and 
Icting opinions, since he is not hampered with school prejudices and conventionalities ; but com- 
1 fresh thoughts and sound reflections on his subject with good taste and elegant diction.' — 
e, No. 13. 



2. 

50 Plates, neatly engraved. Imperial 4to., Price £2. %s, 

ORNAMENTAL IRON WORK. 

GATES, LODGES, PALISADING, AND RAILS OF THE ROYAL PARKS; 

With some others, including the Entrances to the Sultan's Palace at Constantinople. 

I. is just published, containing 25 Plates, Price £1. 4«. Part. II. wiU be published in Feb., 1840. 
work consists of Engravings of Plans of Regent's, Hyde, and St. James's Parks, the Lodges, 
wee Gates, Ornamental Rails, &c. ; with those of Hampton Court and Greenwich; the Gates 
ifactured in this coimtry for the Sultan's Palace, together with other very interesting examples of 
lodem improved style. Designed principally by John Nash, Decimus Burton, &c., Arclutects ; 
some of the old style by Inigo Jones, Sir Christopher Wren, &c. 
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villi. lallED BT JOHN WEA1.B, 



TREDGOLD ON THE STEAM ENGINE 



ON STEAM NAVIGATION. 

'I Thae very imiwrtant wd inlprrstlng vnlnmcs, corapfUing 12B very elahorale and beauttful]; « 
'] Plalea, are, in Secdons, Blevatioas, Plans, Detail), &c., of the highest utility to the £ngil] 
eot, to ManirfacCurere of Marine, Loconiotise, and Laud Engines ;— the Bcience liting di 
I and explained by the inoit eminent practical men of Uritain. In 2 4 to. vols., price £4. iM,, enl 

THE STEAM ENGINE; 
I 0>mpriBing an accoaut of itt invention and progressive improvement, wilh an iNVEsncATlo 
PRiNciFLRs, and ilie PHoponTiONB of iti PAKT« for ETriciBsar and sthength ; det«iliit| 
application to NAvroATioN, Minino, Impelling Machihbs, &c., and the Roauit in numnwii 
I for Practical Use, wilh Notes, Corrections, and New Eiamplea, relating to Locomotive and otheri 
Bbviskd asd Editbd by W. S. B. M'OOLHOUSE, F.R-A.S., &c. 
The algebraic parts transformed into easy pntcticid Rules, accompanied by ExampleB fi 
[ explained for the Working Engineer, wilh an ample 

APPENDIX. 

I Containing, besides a vast acquisition of Practical Papers, an Elementary and PrartiCEd Detoi 
,| Locomotive Eu^nea now in use, illustrated by Examples | and the Principles and Practice of 
l[ for the purposes of Navigation either in Rivers or at Sea; showing its present and progrei^Tet 
|| illustration of the various Exnjnples of Engines eonitrticted for Sea, War, and Packet Vessdi, u 
I Boats, hy the most eminenl Makers of England and Scotland, drawn out in Plajia, ElevatioQt, £ 
d Details, with a Scientific Account of each, and on 

STEAM NAVAL ARCHITECTURE. 
I Showing, by existing and the latest Examples, the Constmrtion of War. Sea, and Packet Vesad 
I Naval Architecture, as applied W the Impelling Power of Steam for Sea and River 
I portion of the work it edited hy icreral very eminent Ship Builders — 

OLI\"ER LAJiO. Esq., of H.M. Dock-ynrd, Woolwich, 
J. FINCIIAM, Esq., II.M. Dock-jard, Chatham. 
T. J. DITCtlbURN, Esq., Deptfoid and BUckwaU. 
Tlie new subjocti in tliis edition conMst of the works o( 
Messrs. Boulton and Watt. William Morgan, Esq. 

The Butterley Company. Messrs. Hall, Dartfbrd. 

Messrs. Mandslay, Sons, and Field. Edward Bury, Esq., Liverpool. 

Meurs. SenVfard. Messrs, Hague. 

Robert Napier, Esq., Glasgow. Messrs. Claude, Girdwoord, and C 

Messrs. Pairbium and Murray. Messrt.R.StephensonBndCa.,Neli 
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7B, (At. 70 (B), 

ilTi iBfroveDHntaoinlnimeiiBino. 7S. llr. Ajre's 

■lliaa of Ufi Jtf^eat7'4 ^teua eEip Meneni' «ngjn« Store 

^, M. Ea^avt ot the Boll and LDndon piwbet 71 Id 93. HqUCD 

UB WHberfoKe. of puddle w 

Qngillldiiul KCtlonttf HumpfarfB'HpnteDlmiiikie SI In SB. SixC; 

LdBf;jladiiitl elevuion of Humpbrya'i marine workt- 

B. BB tu B". P«™i 

Uidibin tcctiim of the ilnm purJiet Purlfnnl, 

, Fortj-Brr fioric powat enpm, crawlnipled liy 9S. 9S. 'Hiff 

I, to. Tco-hoFsc power DDffine, foTuImtl^ hy b?- Unwight 



(uu of the engbo of Uio B 
ral4t0T]r angine. 

D VDif [pipDrtuiC >nbj«ct of bH iJuSa m 

, Sam, and J^dd, al Cbelra 



ig> nf Ihe Csioei, thiflnlMouDllMIln Eun 



IE lanntiiictoey of Heun. Wbilworth lud 
Dc'a duublfi acting trylmder,wiUiiUdeB)&c- 



_. ty jRcht Firebruid. 

3. PottmH of Iho Inn Mr. Wott. 
1. Portnil of the IUe Mr. Tiedgalil. 



1 mbjecta of our age, vias bo h%lilj aiic- 
thit, besides being tronslated into the 
tnd, we believe, otlier liuiguagei, a new 
Wis ioiperadvely called for. Tliat call 
I answered by the preseut enlai^d work, 
h liu been embodied the progress and 
i appticatioD of that migbty ageat Stenm, 
rtigatioD of its principles, and a practical 
Ms uses and effects in steam vcesels, steam 
I, ttid rulroads. When we look around 
■ee the lace of the country changed and 
gli the expedition of a week compressed 
tn^e day; the limits of pleanire and of 
I widely extended among all classes of 
new wants created, and new wishes 
li Bedentary easily and readily converted 
bulatory life ; the sphere of city homes, as 

I enlarged by a circle of rural miles; — 
D fKti wc see the prodigious olterHtion 

II onr social, statistical, cFonomical, po- 
ittional, and international system, hy the 

poners of this vast engine, we cannot 
rider tluj effort to offer us a just and com- 
ire account of it to be one of the most uie- 
I within the scope of indiyidual industry, 
d labour. We, therefore, tWnk the public 
}3)lij(ed to Mr. Tredgold, the author, and 
de, the enterprising poblishcr, who must 
pended a very Urge sum on the risk, for 
■ taiportant Tolumea now before ub. 
I ^iiiatetit that it is a puhlicalioii of great 
.de and great worth. Above a himdrcd 
if steam eugines, &c. &c., illustrate its 
ions j and many wood-cuts serve further 
er the contents plun and intelhgihle to 
apacity. Thus the actual operations of 
en as BouUon and Watt, Maudslay and 
leawarde, Kapier of Glasgow, and other 

mechauiciaUE, and, wc muy mid. en- 



lightened plijlosopbers as well as osperienced. I 
artisans, are explained to us, and set livfore ourT 
eyes so us to be palpable la the UDderstandingJI 
In the same way the locomotives nf the Menrt/jL 
Stephenson, of Ticwcastle, tlie canstnietioQ offl 
the elegant government aleam boats of Mr. I*og, J| 
of Woolwich, oud Mr. Fincham, of Chatham, (Tei-fl 
sela it is a delight to notice as we pass up o^ife 
down the meri) arc rendered fsmiliai to us ; an Jl 
we care little to vex ourselves about hypothetical W 
improvements and ontried experiments. We haveil 
witnessed so many psenda certain and undeniable I 
inventions ^i that wc have became rather seep- I 
tical when we hear of patents that are to auperseda I 
all that has hceo done before, or listen to the die- ■ 
tatoriol laws of people whoiQ we ha^'e known to I 
be more frequently wrong than right. We anf 
glad to observe, however, that in this new edition | 
most of the errors of the former have been or 
rected ; sjid what qnestionable statements i 
mistakes may remain are not such aa to impeochl 
the vast ntlUty of the publication. M 

' The Appendix, indeed, is deserrlng of mnch ■ 
praise. The rules of practice are well expounded^l 
Bud the mathematical calculations, remodiiied iuti 
simple arithmetic, are excellent for the purpose Hi 

euabhng the working man ("operative 

fashionable phrase) to i>erform hia duty. 

■ Upon the whole, not to dwell upon either re 
or aopposed imperfections, inseparable fiiea I 
production embracing so vast a number of com. 
phcated matters — » production treating of tbingtll 
in an almost daily slate of partial transition^ — wvl 
feel honnd to pronoonce this treatise t« be a 
able and satisfactory exposition of the stai 
steam navigation and railroad travelling to t! 
present time; and as such we heardlyreeommen^l 
it to the public at large, both nt home and on I' ~ 

, where its predecessor has hitherto bi 
a standard work.'— iWerory CtaetM 

, IH39. ^ 



Id 2 voli., iei7 DHiIy haU-bonnil in matooco or miiiai gilt la)js. Price jG5. S 
TREDGOLD ON THE STEAM ENGINE AND ON STEAM NAV'ldj 



In 2 roll., elegantlv bound in nuns or tnorocfo, gilt letvcs. Price £5. \h». 6d^ 
TREDGOLD ON THE STEAM ENGINE AND ON STEAM NAVIGAIS 
•,' Thin work having been selected SB a Prize-book by the Institution of Civil Engineers, and » 
tr Inrtilutions, uiil by prai-tical Engineerj for presents to their Pupils, can be bad in ''^' 

i cf binding by gldng Kicn dnyg' notice. 



'a 2 voli., tery neatly half-bound in red morocco, gilt tops ; the Teit in ciuarto, and the 
leparately on fine Columliier foliu paper, Price £ 7. 7». 
I TREDGOLD ON THE STEAM ENGINE AND ON STEAM NA' 



I 



The Pistes sold separalely, n 
TREDGOLD ON THE STEAM ENGINE AND ON STEAM NAVIGATIC 



^" In many instance! purchajcrs of the worl 
f Plates in a separate form, not only for practical u 
I qileadouj of the Steam Machinery of Urituu. 



d-cuts of Details, Price £ 

•description of the PATENT LOCOMOTIVE STEAM ENGJ 
OF Mbbsbb. ROBERT STEPHENSON a.\d Co., 



^* The above Work is at&xed to the publicatioti of the 2nd edition of Trolgold, and bas been 
listed separately for the use of those who desire a perfect knowledge of the Lucomotive £ 
separate ^om otber Steam Knginci. The description is both popular and scientific, and was disn 
under the immediate superintendence of Robert Stephenson, Esq. The Engravings are large, m 
unique examples of mechanical engraving. The cost of the four Plates was £41)0; the wood 
40 in number, aic explanatory of such details of the Engine as cannot be shown in the EUm 
Plan, Cross or Transverse Section ; nor so well described in language as by the ocular demonstnS 
these, intemtiied as they are with the descriptive teiit. It will be found that this extraordiiuuy in 
Engine, which owes its present improvements to the Stephensons, is made avulable to the miffij 
being explained in the ^uuest language, and divested of mathematical formula:. 



STEAM NAVIGATION. 

Just published, in Atlas folio si'.e, uniform with Telford's works and the Atlas a 
Price 12s. 

APPENDIX A. TO THE NEW EDITION of TREDGOLO 
STEAM ENGINE. 



|Ptate1.— Iron steam Tacht(72wMn)rfn, constructed 
by John Laird, Esq., Birkenhead, Liverpool. 

[Plat«3 II. and III. — Iron Steam Ship Raiadaip, 
belonging to the GSneral Steam Navigation 
Company, draught lines at bottom, fore body 
'" a large scale, by Ditto. 

■ IV.— Plans of the Engines of 90-borse 



power each, 5().inch cylinders, 4- 
by G. Forrester and Co., of Live 
on board of the Rainbaa. 
Plate v.— Side Elevati<m and & 
Plate VI. — Transverse Section of di 
Plate VII— Draught of the I 
Steam Ship Fullon. Half the j 



F 
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1 7 feet : distance between the water lines, 2 
feet ; fore and after body precisely alike. 
Plate VII I. — Plans of the Upper and Lower 
Decks of the Admiralty Yacht Firebrand^ 
showing the fittings, and conveniences ; drawn 



Plates IX. and X. — Plans of the Upper and Lower 
Decks of the Iron Steam Ship Nevka^ con- 
structed for Her Imperial Majesty the Empress 
of Russia, by Messrs. Fairbaim and Murray, of 
MiU Wall, Poplar. 



by Mr. James Henry Lang, of Woolwich. 

APPENDIX B. is in preparation. To contain the remaining five Engravings of the Nevka, the 
Steam Engine in the Royal Arsenal at Woolvvich, and other interesting subjects ; together with the Text 
fir both Parts. Price 12«. 






10. 
Just published, voL 3, with several Plates, Price £1. 5«. 

PAPERS ON SUBJECTS CONNECTED WITH THE DUTIES OF 

THE CORPS OF ROYAL ENGINEERS. 

CONTENTS. 



Iktroduction. 

Hemoranda relative to the Lines thrown up to 
cover Lisbon in 1810. By Colonel John T. 
Jones, Royal Engineers. 
If emoranda relating to the Defence of Cadiz, and 
explanatory details of the Position intrenched 
by the British troops under Lieutenant-General 
. GiftAHAM, in 1810. 

[istr ucti ons of the Minister of War concerning 
the Model-towers approved of by Napoleon. 
Translated by Lieut. Laffan, Royal Engi- 
neers. 
Ifeport on the Demolition of the Revetments of 
some of the Old Works at Sheerness, on Sa- 
[^ torday the 14th July, 1827. 

from Lieut.-Colonel Robert Thomson to 
lieatenant Denison on the subject of Furnaces 
for heating Shot. 

[emoir on Posen, by T. R. Stavely, Esq., late 
Captain Royal Engineers. 

on Beaufort Bridge. By R. J. Nelson, 
(nant Royal Engineers. 
Sketch of the Suspension Bridge over the 
at Nassau. By R. J. Nelson, Lieutenant 
Engineers. 

Description of some of the Works on the 

m Canal, and of the alterations and im- 

rements made therein since the opening of 

'Hie navigation. By Lieutenant Denison, Royal 

Bngineers. 

the mode of Bending Timber adopted in 
Prussia. By R. J. Nelson, Lieutenant Royal 
Engineers. 

iption of the CofFer-dam used in the Con- 
[ atiuction of the Piers of the Alexandria Aque- 
duct, being an abstract of a report addressed 
)by Captain Turn bull to Lieutenant-Colonel 
JkssLJLTf and by him submitted to the House of 
Bepresentatives of the United States. 

»tion of the one-arch Wooden-Bridge, of 



205 feet span, at Paradenia, with an account of 
the execution of the work and the means em- 
ployed in throwing it across the river Mahavil- 
laganga, in the island of Ceylon. By Captain 
Oldershaw, Royal Engineers. 

Description of a Series of Bridges erected across 
the river Ottawa, connecting the provinces of 
Upper and Lower Canada, and especially of a 
wooden arch of 212 feet span wliich crossed 
the main branch of the river. By Lieutenant 
Denison, Royal Engineers. 

Description of a Barometer that requires no cor- 
rections either for Zero or for Temperature. 
By Samuel B. Howlett, Esq., Chief Draughts- 
man, Ordnance. 

Notes to aid in correcting the operation of ascer- 
taining the Heights of Mountains by means of 
Boiling Water ; furnished by Major Ord, Royal 
Engineers. 

On the Decomposition of Metallic Iron in Salt 
Water, and of its Reconstruction in a Mineral 
form. By Lieut.-Col. Reid, Royal Engineers. 

Report on the Effect of Climate on Yorkshire 
Paving, communicated by Colonel Fanshawe, 
Royal Engineers. 

Report of Paving Stables at Brighton. 

Experiments tried at Quebec as to the properties 
and adhesive qualities of Cements, by order of 
Colonel NicoLLS, Commanding Royal Engineer, 
dated 17th November, 1834. 

Proof of an Earthen Ware Pipe for Lieutenant 
Denison. By Mr. Bramah. 

Description of a Drawbridge on the London and 
Birmingham Railway, at Weedon. By Captain 
Jebb, Royal Engineers. 

Table of the Description and Weight of the 
Packages of various Articles of Traffic^ By 
Major H. D. Jones, Royal Engineers. 

Appendix. — Notes on Lintz. 

Notes to pages 36 and 39. 



11. 
Vol. 2, uniform with the preceding, Price £1. 



12. 

Vol. 1, reprinting, Price 16*. 



t 



WOBKB PtTBLISnGQ BV JOHN VTRALB, 



1^3 rUtCi. EDgnvofl in tbii boU ityle of Ait, lialMtoiiui). very nciit. Price £i. i 

PUBLIC WORKS OF GREAT BRITAIN; 



Kwtv.ij't, Rait>, Cbain, Blocki. Cutting*, Embanlinienta, Tunndi, Oblique Ardhes, VUi 

Suliou, Locomotive Ciiginci, &r.-, Caat-lron Hridgei, Iron and Gu Worki, Catia] , 

.,C«nteriag, Muooiy siul Urickwork for Cuul Tiumeli ; Canil Boots ; the LoudOD and Live . 

rFluu and Uimciuions, DiKk-gates, Walls, Quhjb, and thcdr Muanryi Mooring-chains, Plan t 

tiHariHHir anil Port of London, and other importsnt Engineering Worki, with Deacriplioni and S] 

ImtianH 1 the itliole rrudercd of the utmort uliLit; to tba Civil EDgineer and to the Nobility and Gi 

^w UoDumentt of the nuful Aiti in this Countiy, and lu Eximpl^ to the Foreign Engineer. 

Editbo by F. W. SIMMS, C- E. 

This Work is on an Imperial fblio size, the I>rawingi and Engravings have been executed by en 

1 Artist!, Knd no expense bu been ifured in rendering it highly essentiKl to the Civil Ene^ea 

vBtndcnt : also, as an omnmental Volume of Practical Represeotatioiis of important Engineering ^ 

m b several Parts of the Kiogdom. The Work is hound in half-morocco. There are some Plates I 

1i Volume that may be preferred in Colours, viK., the elaborate subject of the Bligworth Cuttinia. 

iFBirmingham Line, IS Plates, geologically coloured; tilasgon and Gaimldrk Kiulway Cum 

IMoh, geologically coloured, &e..[ making 20 Plates, to be carefully coloured, and T 

Hlditional £ I . I*, is charged. "^ 

ThtfuUaaing it a Hit tif tkt Authura wbme wortu are comiirited ia the et 

Briiiilley I Hartley I M'Adam I TelforS* 

:1 Hoiking Palmer Thomas 

Jeasup Bennie Ticmey Clark 

il R. SlL-ijlitiimpu I Landmanii Kliodes ] Walker. 



22 Plates, large folio, bound, Price £1. I). 
THE HARBOUR AND PORT OF LONDON, 






ContainJug Accounts of the History, Priiilegei, Functions, and Government thereof; 

Divisions, and Jnrisdictlona, Muniinpal and Commercial; of its Docks, Piers, Quays. Embi 
Moorings, and other Engineering Works ; Tidal and other Observations, and every other neee 
infonnBtian relative thereto, accompanied by Charts of the Port and its Dependencies, its Shoill 

I Soundings, lorveyed by order of the Port of London Improvement Committee; Plans of Docki,{ 
Piers, Swivel Bridges, Methods of Moorii^ Vessels, Stc, as directed by the Corporation BvJ 
&c., &C., *1C. 
By JAMES ELMES, Arciutect aud CivQ Engineer, Surveyor of the Port of London. 
; 



In Mvo., witli Engravings and Wood-cuts, cloth hds. citra, Price IZi. 

OUTLINE OF THE METHOD OF CONDUCTING < 

TRIGONOMETRICAL SURVEY, 

ir the Formation of Topogrsiihical Plana; and Inirtructiona for Filling-in the Interior I 

Measurement and Skclcliing ; Military Reeoniiaissancc, Levelling, &c.. Sec fl 
With the Biplanstion and Solution of some of the most useful Problems in Geodesy k 

' ~' ly ; to whicli are added, a few Formulie and Tables of general utility for U 

their calculation. 
By Lieutcnmrt PROME, Rovai, Engiserkb, F.R.A.S., & A.I.C.E. 
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16. 

RAILWAYS. 

perial folio, 83 Engravings, with explanatory Text, containing the Specification of the Works a 

executed. 

Edited by F. W. SIMMS, C.E. 

Price £2. 12». 6d. in half-morocco. — Subjects : 

s London and Birmingham Railway — The Great Western Railway — The South 
►N Railway — The Greenwich Railway — The Croydon Railway — The Birminghai 
Bristol Thames Junction Railway — Glasgow and Gairnkirk Railway. In 83 Plates 
ections. Details, &c. 

LONDON AND BIRMINGHAM RAILWAY. 



ntispiece — ^London Entrance to the Primrose Hill 

nnel. 

.e Page, vignette— Railwi^ Station at Watford. 

mneys at Camden Town nzed Engine Station. 

Tauce to Railway Station at Euston Grove — Vig- 

tc, page I. 

(ton Grove Station, ground-plan. 

aden Town fixed Engine Station, ground-plan. 

1 Roof — Euston Grove Station. 

ohope Place and Park Street Bridges. 

d^ over the Regent's Canal. 

auls of ditto. 

idon and Birmingham Railwiqr — Harrow in the 

tance. Vignette, page 17. 

idon and Birmingham Railway—Watford Tunnel. 

piette, page 38. 

id Brieve over Railway. 

ne Viaduct. 

dge over Excavation south of Watford Tunnel. 

c Moor Oblique Brid^. 

rth Church and Pnmrose HiU Tunnels — Cross 

:tions. 



18, 19. Entrances to ditto — Vignettes, miges 81 and 34. 
20 to 29. Working Section, Bliswortn Excavations an 

Embankments. 
30, 31. Undersetting of Rock in BHsworth Cuttings — ^En 

larged Scale. 
32, 33. Plan and Elevation of Retaining Walls, Countei 

forts. Inverts, Drains, &c. in the Bluworth Cuttings. 
34, 35. General Plan and Section of the Undersetting ( 

the Rock in the Blisworth Cuttings. 
36, 37. Plan, Elevation, and Section of the West End ( 

the Blisworth Cuttings. 
38 to 47. Plan, Elevations, and DetaOs of the Kilsby Tun 

nel, Warwickshire. 

48. Method of fixing the Fifty-pound Rails in tb 
Chairs. 

49. Method of fixing the Sixty-five-pound Rails in tb 
Chairs. 

50. Mr. Buck's Railway Chairs. 

51. Plan of Siding or Passing Place. 

62. Plans and Sections of a Twelve-feet Turn Rail. 
53. Plan and Elevation of first Class Carriages. 



GREAT WESTERN RAILWAY. 



n and Elevation of the Brent Viaduct. 

tions of the Brent Viaduct. 

insverse Sections of the Brent Viaduct. 



57. Plan and Elevation of Maidenhead Bridge. 

58. Sections of Maidenhead Bridge. 

59. Occupation Bridge over the ^dlway. 



dge under Railway. 

21 of ditto. 

eupation Bridge in Embankment. 



SOUTHAMPTON RAILWAY. 



63. Occupation Bridge. 

64. Elevation and Details of Earth-work and Timbc 
Waggons. 



liqoe Arch over Neddnger Road. 

rtioBs of ditto. 

liqne Arch over Spa Road. 



GREENWICH RAILWAY. 



68, 69. Sections of ditto. 

70. Viaduct of the Greenwich Railway. 



w Cross Bridge over Railway. 



CROYDON RAILWAY. 

72. Method of fixing the Permanent Way. 



BIRMINGHAM AND BRISTOL THAMES JUNCTION RAILWAY. 

it-iron Arch Suspension Bridge over the Paddington 74. Railway GaUery tmder the Canal, &c. 
nal and the Railway. 

GLASGOW AND GAIRNKIRK RAILWAY. 

75. Transverse Section at Robroyston Moss. 

MISCELLANEOUS. 



npariflon of the Transverse Section of numerous 

Uway Bars. 

aet Ix>comotive Engine. 

, Stephenson's Patent Locomotive Engine. 

Iway Waggons. 



80. Flat Rail with Flange. 

81. Rail by Loeh, Wilson, and Bell. 

82. HettonRail. 

83. Sidings or Passing Places. 



Ctr fitia eKark an BriTigr SuiRring. 



THEORY, PIUCTICE, AND ARCHITECTURE OF BRIDGES 

Tin TUEOKV Bt JAMKS HANN, ok King's Collegb, 

iIdbI Suciely of Ncwrutle upon Tyne, Mem. of the Malbematical Soi 



uf Luiirlon, uiil Joh 



Aulhor of " Mechanics for Practical S 



Thb practical ENGIXEERISG and AHCHITECTUKAL TRKATISK J 

BV WILLIAM HOSKING. P.S.A., 

Architect and Civil Engbieer, Author uf " Trutiun on Architecture aoil BuOdin^ 

t>KOFESSOH MOSELEY, M.A., Ktso'i CoLi-Ban; T. HUGHES, and ROBEKT ST\ 

Civil Eaginecrs. 

The Work will be comi>1eii.il iu 2 Vols., to contain 700 pages of Teit, nnd iHustratedfl 
graTinga of eiamplm of Stoiie, Timber, Iron, Wire, Biid Suipenaion Bridges, from Drawl 
by the principal Engiaeera of Great Britain and France. 
VuL 2 is preparing, and is to be published in 6 Farts, at iulBrvals, in the coure 

* This Work, nben completed, nil! be found [a 1>e of a most valuable chamcter, the d 
bavmg been engaged for the Engravings, and the price made convenient to the Student. , 
Jllai eigiiff qfihe Ftain may be had. 



In 'lemy 8vo., numerous Wood-cuts, extra cloth bdi.. Price e». 
AN ESSAY ON THE BOILERS OF STEAM ENGINES: 

Their Calculation. Coi^airuction, and Managenieul, nitli a view to the sating op 
Observations on Railway and ntlier Locomotive Engines, Steam Navigation, Smok 
as. Explosions. &c. Ac. A New Ertition, considerably enlarged and improved. 
Ily 11. AKMSTHONG, Civil Engineer. 



19. 
I, Price 30»., extra citiili lids,, containing a Portrrat of the late President, Thos. ' 
and 27 flnely engraver! Plates. 

TllANSACTIONS OF THE INSTITUTION OF CI'*| 
ENGINEERS. 

J" Except 15 copies, which only rem^n of this Volume, all of them being deficient of H 
Tables, the Volume is out of print, and scarce. It vril! however he reprinted sou 
1840. 



Vol. 2, Price 28»., exira cloth bds., contflaning 23 finely engraved Plates. ) 

TRANSACTIONS OF THE INSTITUTION OF Crf 

ENGINEERS. 



Account of the Bridge over the Severn, near the 
Town of Tewkcabniy, in the County of Glou- 
cester, ilesigned by Thomas Tklpord, and 
ei.'teil under bis superintendence By W. 



A Series of Experiments on different Idl 
American Timber. By W. Dknisom, 
Royal Engineers, F.R.S., A.Inrt.CE. 

On the Application of Steam as a " ' 
considered especially vrith 
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eeonomf nf Atnmsplieric and High Prcasuro 

StBoui. By GEoncB Uolwortqt Palmkr, 

H.lu3t.C.E. 
|B»cri|<tion of Mr. Heniy Gny's melbod of giving 
, ■ true Spliericsl Figure to BaJla of Metal, Glass, 

Agate, or hard Substaaces. CommiuiieiiMd by 
. PavAN DoNKiN. VJ.InBt-C.E, 
^K the eipaasive action of Steam in some of the 

"" ping Engineg on the Cornish Mines. By 
LiAH JoKT Hbnwood, F.G.S., Secretary 
< df the Royal Geological Society of Cumnall, 

H. M. Assay-Master of Tin in the Duchy of 

n the effective po«er of the High Pressure es- 
paniive coudetisiug Engines in use at bome of 
the Cornish Mines, fly Tboxab Wickbtkeo, 
M-Insl-C.E. A Irtler to the President. 
BeBCiiptian of the Drops used hy the Stanhope 
•nd Tyne Railroad Company, for the Shipment 
of Coals at South Sliielda. By Thomas E. 

.Habbi^on, M.Inst.C.E. 

Ik the Principle and Construction of Rnilways of 
gontinuoug bearings. By John Re vn olds, 

^A.!nBt.C.E. 

'ooden Bridge over the River Calder, at Mirfieid, 

' ITorkshire, designed and erected by Wilmau 
Bnu., A.ln6t.C.E. 

, Series of Experiments on the Strength of Cast 
Iron. By Fhancis BttA.«AH, M.Inst.C.E. 
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On certain Fornis of Locomotive Engines. By 
Edwaud Woods. 

Account and Descriptioa of Yongho) Bridge, de- 
signed by Alexander Mimmo. By John E. 
JoNBB, A.Inst.C.E. 

On the Evaporation of Water from Steam Doilera. 
By JoaiAB Pahkes, M.Inst.C.E. 

Account of H Machine for cleaning and deepening 
small Itivers, in use on the Little Stoiir Kiver, 
Kent. By W. B. Hath. Grad.Inet.C.E. 

Description of the Perpendicular Lifts for passing 
Boats from one Level of Canal to another, as 
ereetJHl on the Grand Western Canal. By 
Jaueb Gukkn, M.Iust.C.E. 

On the methods of Illuminating Lighthouses, with 
a description of a Reciprocating Light. By 1. 
T. SuiTQ, Captain Madras Engineere, P.E,S., 
A.rnst.C.E. 

Experiments on the Flow of Water through smail 
Pipes. By W. A, Pnovis, M.Inst.C.E. 

Experiments on the Power of Men. By JosaOA 

Field, V.P.Inst.C.E., F.H.S. 
ParCicuhm of the Conslractiou of the Floating 
Bridge lately established across the HamoB;te, 
between Torpoint in the County of Cornwall, 
and Devonport in Devonshire. By Jakes M. 
Re.vdel, M.Iust.C.E., &c. &c. 

AppENorx. — OlKcers, Sleuibers, 6ic. 



Vol. 3. ['art 1., extra clolh boards, Price 4». 

TRANSACTIONS OP THE INSTITUTION OF CIVIL ] 
ENGINEERS. 

On Slcam Boilers, by Josiah Paiikes, M.Inst.C.E. 



Vol. 3. Part II. 

TRANSACTIONS OF THE INSTITUTION OF CIVIL 
ENGINEERS. 



that aud other Suspension Bridges, in reference 
to the action of violent gales. By C, W. Pas- 
lev, Colonel R.E., Hon. M.Inst.C.E. 1 Plate. 

On the Expansion of Iron End Stone in StructuiGt, 
as shown by observation on the Soothwark and 
Staines Bridges. By Geobob Rennib, P.R.S., 
(do. Sic. 

The Grayeacnd Pier. By W. Tjkbnkt Clark, 
M.InBt.C.E, 6 Plates. 

On WeU-sinking near the Metropolis, with an 
account of the Well sunk by the New Kivei 
Company at their Reservoir in the Hampstead 
Road. By R. W. Mvlne. 1 Hate. 

On Locomotive En|^nes. By EnwAiin Bukt, 
M.lust.C.E. -1 Plates. 



Steam Boilers and Steam Engines, Part. II. 
;y JoSiAH Pahhes, M.lnst.C.E. 
hi the Comparison between the Power of Loco- 
^^ motive Engines and the Effect produced by 
tbst Power at different Velocities. By Pro- 
ftsBor Barlow, Hon. M.Inst.C.E. 
n the Properties, Uses, and Application of Turf, 
Turf-Coke, and Resin Fuel. By C. Wvk Wil- 
LtAUB, A.lnit.C.E. 
ItKription of a Sawing Machine for cutting off 
..JBailway Bars. By Joseph Glynk, M-Inst-C.E. 
JPUle. 

'le State of the Suspension Bridge at Mon- 

M alter the hurricane of the 1 1th of Oetober, 

Milh Remarks on the Coiistiiiction of 



WORBB rllBUSBED ST JOBM WBA-LB, 



I 



In Bvo.. Price at. 

I A PRACTICAL TBEATISE ON THE CONSTRUCTIOll 

FORMATION OF RAILWAYS, 

■^Showing ihe Pnctical Application aati EKpenic of Excavating, Haulaife, Embanking, sod pens 

T Vaylajfinit ; alba, the method of fixing Roadi upon oontiiitioiu Timtwr Henringi ; including Hie 

dpiM uf EiliinBliai: tbe Grou Loitl and I'tefiil Effect produced b; Mechaoicol or other Moling " 

a l-ttycl and upoik any Indiuatioa. lUustnitcd with UiBgraiai and Ori^nol Uieful Tah' ~ 

Bjr JAMES DAY. 



ISuio., Price 3«. in JMarda. 
RAILWAY CALCULATOR, OR ENGINEER'S ' 
CONTRACTOR'S ASSISTANT. ' 

By JAMES DAY. 



25. 

A Sheet. Price 2r. ', 

TABLE SHOWING THE CONTENTS OF EXCAVATIONS 

Intended to farilitiite the Eetimsting of Public Works. 
By GEORGE P. BIDDER, C.E. 



I 



III ilo,. with 12 large folding Plates, extra cloth botrds. Price 14s. 

PRACTICAL AND THEORETICAL ESSAY ON OBLIQ' 

BRIDGES. 

Bj GEORGE WATSON BUCK, M.Inst.C.E, 



27. 
In Imiicria! Svo. Second Edition with Additions. 11 Plates, cttra doth boards. Price 8«.b 

PRACTICAL TREATISE ON THE CONSTKUCTIO 
OBLIQUE ARCHES. 

By JAMES HAHT, Mason. 



In de«y 8to., wifli 107 Wood-cuts, extra doth boerds, Price 7». 
EXPERIMENTAL ESSAYS ON THE PRINCIPLES Oj 

ISTRUCTION IN ARCHES, PIERS, BUTTRESSES, • 
■ 



Made nith a view to their being usvfid to the Practical Builder. 
By W. BLAND, Eaq., of Ilartlip, Kent. 



In royal Bvo., in boards, with nine Charts and one Meteorological Table, Price i 
AN ATTEMPT TO DEVELOP THE LAW OF STO] 



By Lieut-Colonel W. REID, C.B., otthe Royal Engineers. 
LC copies with the Cliaits in a separate Atlas form, Price *'l. 5t. 
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30. 

In demy 8vo., extra cloth boards. A New Work, Price 12«. 

THE THEORY OF THE STEAM ENGINE; 

cywing the Inaccuracy of the Methods m use for calculating the Effects or the Proportions of 
mm Engines, and supplying a Series of Practical Formulae to determine the Velocity of any Engine 
iih a given Load, the Load for a stated Velocity, the Evaporation for desired Effects, the Horse- 
irer, the useful Effect for a given Consumption of Water or Fuel, the Load, Expansion, and Counter- 
ight fit for the Production of the Maximum useful Effect, &c., with 

AN APPENDIX, 

•ntaining concise Rules for persons not familiar with Algebraic Signs, and intended to render the use 

of the Formulae contained in the work perfectly clear and easy. 

By COMTE DE PAMBOUR, 
(rmerly a Student in the E'cole Polytechnique, late of the Royal Artillery, on the Staff in the French 

Service, of the Royal Order of the Legion d'Honneur, &c. 



31. 
In 8vo., cloth, Price 2». 6rf. 

A NEW SYSTEM OF SCALES OF EQUAL PARTS, 

pplicable to various purposes of Engineering, Architectural and General Science. Illustrated by a 

Facsimile of the Scales on Copper-plate. 

By CHARLES HOLTZAPFFEL, Associate of the Institution of Civil Engmeers. 



32. 

In demy 8vo., extra cloth boards, with 16 Plates, Price 12». 

A SKETCH OF THE CIVIL ENGINEERING OF NORTH 

AMERICA. 

Comprising Remarks on the Harbours, River and Lake Navigation, Lighthouses, Steam Navigation 
Water-works, Canals, Roads, Railways, Bridges, and other works in that country. 

By DAVID STEVENSON, of Edinburgh, Civil Engmeer. 



33. 
COLONEL PASLEY'S COMPREHENSIVE WORK ON GEOMETRY. 

Second Edition, demy 8vo., much enlarged. Price I6». cloth boards, (instead of £1, 48,), 

A COMPLETE COURSE OF PRACTICAL GEOMETRY AND 

PLAN DRAWING; 

rreated on a principle of peculiar Perspicuity. Adapted either for Classes, or for Self-Instruction. 
Originally published as the first volume of a Course of Military Instruction. 

By C. W. PASLEY, C.B., Colonel Royal Engmeers, F.R.S., &c. &c. 



34. 

In demy 8vo., extra cloth boards, numerous Wood-Kiuts, Price lis. 

OBSERVATIONS ON LIMES, CALCAREOUS CEMENTS, 
MORTARS, STUCCOS, AND CONCRETE, 

AND ON PUZZOLANAS, NATURAL AND ARTIFICIAL; TOGBTHBR WITH RULBS DBDUCBD 
FROM NUMBROUS BXPBRIMBNTS FOR MAKING AN ARTIFICIAL WATBR CBMBNT, 

ISqiial in Efficiency to the best Natural Cements of England, improperly termed Roman Cements ; and 

an Abstract of the Opinions of former Authors on the same Subjects. 

By C. W. PASLEY, C.B., Colonel in the Corps of Royal Engineers, F.R.S., &c. &c. &c. 



^ 



12 WORKS PUBLISHED BY JOHN WBALB^ 



35. 

Second Edition, with Additional Corrections, in 8yo., with a fine Frontispiece of a Locomotive '. 

Price 8«. 

ANALYSIS OF RAILWAYS; 

Consisting of Reports of Railways projected in England and Wales ; to which are added, a T 
Distances from the proposed London Terminus to Eight well-known Places in the Metropolis, 
copious GL08SARY, and several Useful Tahles. 

By FRiVNXIS WHISIIAW, C.E., M.In8t.C.E. 



36. 
Just published, in 8vo., bound. Price 3«. 6d. 

THE PRACTICE OF MAKING AND REPAIRING ROADS 

OF CONSTRUCTING FOOTPATHS, FENCING, AND DRAINS ; 

Also a Method of comparing Roads with reference to the Power of Draught required : with P 
Observations, intended to simplify the mode of Estimating Earth-work in Cuttings and Embank 

By THOMAS HUGHES, Esq., Civil Engineer. 



37. 

With folding Plates, in 4to., Price 3». 

SECTIO-PLANO GRAPH Y; 

A DESCRIPTION OF MR. MACNBILL*S METHOD OF LAYING DOWN RAILWAY SEC1 

AND PLANS IN JUXTAPOSITION. 

As adopted by the Standing Order Committee of the House of Commons, 1837. 

By FRED. W. SIMMS, Civil Engineer. 



38. 
In 8vo., wth several Plates, Price 16». 

A TREATISE ON THE STRENGTH OF TIMBER, CAST IR 
MALLEABLE IRON, AND OTHER MATERIALS, 

With Rules for Application in Architecture, Construction of Suspension Bridges, Railv?ays, &c 
an Appendix on the Powers of Locomotive Engines on Horizontal Planes and Gradients. 

By PETER BARLOW, F.R.S., &c. &c. 



1 



39. 

Third Edition, with 28 additional Plates, Edited by Peter Barlow, Esq., F.R.S., M.I.C.E., i 

half-morocco. Price £2. 2«. 

ELEMENTARY PRINCIPLES OF CARPENTRY, AND 02 

CONSTRUCTION. 

A Treatise on the Pressure and Equilibrium of Beams and Timber Frames, the Resistance of T 
and the Construction of Floors, RoofS) Centres, Bridges, &c. ; with Practical Rules and Exampli 
which is added, an Essay on the Nature and Properties of Timber; including the Methods of Sea 
and the Causes and Prevention of Decay ; with Descriptions of the Kinds of Wood used in Bt 
also numerous Tables of Scantlings of Timber for different purposes, the Specific Gravities of Ma 
&c. Illustrated by 50 Engravings. 

By THOMAS TREDGOLD, Civil Engineer. 



ARCHITECTURAL LIBRARY^ 59^ HIGH HOLBORN. 



13 



40. 
In Quarto, 28 fine Plates, Price £1, U, 

TREDGOLD^S ELEMENTARY PRINCIPLES OF CARPENTRY, 

AND ON CONSTRUCTION. 

SUPPLEMENT TO THE SECOND EDITION. 

Sold separately for the conyenience of those possessing the former Edition. 

iprising Engravings of Iron and Timber Roofs of Italian Palaces, Churches, Theatres, &c. ; of a 

jnile Prison, Pantheon Bazaar, &c. &c., by Mr. Sydney Smirke ; Iron and Timber Roof, &c. of 

k*s Hospital and St. Dunstan^s in the West, by Mr. John Shaw ; Timber Roofs of White Conduit 

Tavern and others, by Mr. Duncan ; Iron and Timber Construction of Croydon Railway Station, 

Mr. Jos. GiBBS ; Iron and Timber Roofs of the Trent Water-works, Nottingham, and the Roofs of 

Model Room, the Smithery, and Engine Manufactory, at Butterley, by Mr. Jos. Glynn ; with Mr. 

lcksnzib's elaborate Drawings of die Construction of King's College Chapel, Cambridge. The 

le described by the different Contributors, and edited by Peter Barlow, Esq., F.R.S., &c. &c. 



41. 
I 

Royal 8vo., Price 7«. Qd. 

an essay on the modern system of fortification 

Adopted on the Rhine and Danube, and followed in all the works constructed since the Peace of 1815, 
in Germany. Illustrated by a copious Memoir on the Fortress of Coblentz, and accompanied by 
lieaatiful Plans and Sections of the works of that place. 

By Lieutenant-Colonel J. H. HUMFREY, K.S.F., 

'rWoannerly of the Royal Artillery and Royal Staff Corps, and late Commanding Engineer to the Corps of 
i Cantabria, Author of several Military Works, &c. Long resident in Germany, where he had oppor- 
tunities of collecting information firom the best sources. 



42. 

In 8vo., upwards of 500 pages, Price 8». 

AN elementary INVESTIGATION OF THE THEORY OF 

NUMBERS, 

nth its Application to the Indeterminate and Diophantine Analysis, the Analytical and Geometrical 
Division of the Circle, and several other curious Algebraical and Arithmetical Problems. 

PETER BARLOW, Esq., F.R.S., M.Inst.C.E., and of several other Learned Societies and Academies. 



43. 
With Plates, 8vo., Price 6». 

PRACTICAL TREATISE ON THE PRINCIPLES AND PRACTICE 

OF THE ART OF LEVELLING, 

Ifith Practical Elucidations and Illustrations, and Rules for Making Roads upon the principle oi 
Telford ; together with Mr. Macneill's Instrument for the Estimating of Roads, &c. 

A work most essential to the Student. 



44. 
Engraved in aquatinta and coloured, 38 Plates. Quarto. Price £1. 4». 

ARCHITECTURAL SKETCHES FOR COTTAGES, RURAL 

DWELLINGS, AND VILLAS; 

^ith Plans, suitable to persons of genteel life and moderate fortune, proper for Picturesque Buildings, 

By R. LUGAR, Architect. 



h 
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45. 

■.iirge AtlaA folio, 17 Toy finelj eognTcd PUm. Price jC4. 14#. 6dL — A frw copies only of 

lodiA pafMT. Price X^. 6«. 

SUSPENSION BRIDGES. 

A SCIENTIFIC and an HISTORIC.U. and DESCRIPTI^T ACCOUNT of the SUSl 
HHlhdE diMirnf^td over the MEN A I STR.\IT. in North Wales: with a brief Notice of < 
HKIlJf;E. Frr/iD Designs by and under the direction of Thomas Telford, F.R.S., L. and E 
and Alexandkk Pro vis, E%q., Resident Engineer. 



46. 
In 8yo., with Plates, Price \'2s. 

CEMENTS. 

A PRACTICAL and SCIENTIFIC TREATISE on the Choice and Preparation of the Materia 
the Mariiifactiire and Af)])Iication of. Calcareous Mortars and Cements, Artificial and Natura 
on an Extensive Serien of Original Experiments. By M. L. J. Vic at. Chief Engineer of 1 
Tran4laU:d from the French, with numerous and valuable Additions, and Explanatory N< 
prehending the mf^ imprirtant known Facts in this Science, and with additional new Experi 
Remarks. 

By Cajftain J. T. SMITH, Madras Engineers. 



47. 
In 12mo., Price 2«. 6</. in boards. 

RULES AND DATA FOR THE STEAM ENGINE, 

BOTH STATIONARY AND LOCOMOTIVE ; 

And for railwayh, canals, and turnpike roads: being a Synopsis of a Course of Kigli 
on MKcjiANiCAL PHiLOKoi'HY ; illustrativc of the most recent inodcs of Construction, and an 
of thft Krrofh to which Patentees and others are liable, from their not being acquaintec 
jyraf.'tical departments of Engineering. 

By HENRY ADCOCK, Civil Engineer. 



48. 

Ill 5 I'urtH, hirgc ohh)ng folio, with a Letter-press Description in 4to. to each, Price JEl. 1#. 

with the Text. 



rii 



rilK CIVIL ENGINEER AND MACHINIST: 

PIIACTKAL TIIKATIRK8 OP CIVIL ENGINEERING, ENGINEER BUILDING, MACHl 
MILL- WORK, ENGINE-WORK, IRON-FOUNDING, &C. &C. 

Bv C. J. BLUNT. 

CONTENTS. 

DfVfHioN 1. -Iloiilton and Watt's Portable Steam wheels and Iron Roofs, by the late 

I'JiiKinr, comph^tc, with all the details, in 10 Telford ; Plans, Sections, and Machii 

Pliiti^n. Wemyss Colliery, &c. 

l)iviHioN 2.- -Marino Steam Engines and Ma- Division B. — Bridges and Viaducts, 

clnnrry; Sl(!uin ('orn Mills, &c., complete. original Specifications of the London 

DiviMfoN :). Sugar Mills, (m horizontal and verti- mingham Railway, Locomotive and I 

ml ronsinu'tion ; Steam Corn Mills, hy Mauds- gines of do. in detail, the Goods 

i.Av niid I'iicld; the Kent and Surrey Sewers, Tenders, and divers Specifications c 

SiuiiTM, isir. \ Smith's Forge, and Great Forge &c. &c., by Robert Stephknson, E» 

llnmmrr. motive Engines on the Newcastle an 

DiviHWN A. Sra Entrnncc Gates, S^-ing Bridges, Railvray, by George Stephenson,] 

r/iii/i/ /Irldgn, HpnclftcRlions of t\\e '^'otV^s, 8iUi., ^t?:*^. Western Railway Bridge, &c., 

'Y r/in (iloiicnstcr and UcrVclcy Coixttl, Ns'^Xw- ^Ti.\j^^\.,^.^'$».,^^.^^, 
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49. 
five Livraisons. Plates Atlas folio, 'with Text in 4to. 

LOCOMOTIVE ENGINES AND CARRIAGES. 

POPULAR FRENCH WORK. 

n>TrsTBiE DES Chemins de Per, oq Dessins et Descriptioiis des Machines Locomotiyes, des Four- 
i d'approvlsionnement (Tenders), Wagons de Transport et de Terrassements, Yoitures, Diligences, 
s. Supports, Plates-Formes mobiles, Aigiulles, Machines accessoires, &c. &c., en usage sur les 
tes en Fer, de France, Angleterre, AUemagne, Belgiqne, &c. &c. 

Par MM. ARMENGAUD. 



50. 

Second Edition, in 8vo, extra cloth boards, 10 Plates, Price 7». 6rf. 

PERSPECTIVE SIMPLIFIED; 

taining a new preliminary chapter, in which the subject is treated in the roost plain and easy 
manner, for the convenience of readers not acquainted with Geometry. 

By Z. LAURENCE, Esq. 



51. 
In 4to., with Wood-cuts, and 4 fine Engravings by John Le Keux, Price 7«. 6^. 

T ACCOUNT OF THE ROOF OF KING'S COLLEGE CHAPEL, 

CAMBRIDGE. 

By F. MACKENZIE, Author and Draughtsman of some of the finest Architectural Works. 



52. 

In demy 8vo., 3 Engravings, Price Is, 6d, 

MECHANICS FOR PRACTICAL MEN; 

itaining Explanations of the Principles of Mechanics ; the Steam Engine, with its various Pro- 
dons; Parallel Motion, &c. ; Tables of the Weight of Cast-iron Pipes, Strength and Stress of 
<firi^Js &c 

By JAMES HANN, King's College, and ISAAC DODDS, C.E. 



53. 
4to., Price J51. 1«. Revised and corrected. 

THE CARPENTER AND JOINER'S ASSISTANT; 

taining Practical Rules for making all kinds of Joints, and various methods of hingeing them 
sther ; for hanging of Doors ; for fitting up Windows and Shutters ; for the construction of Floors, 
dtions, Soffits, Groins, Arches for Masonry ; for constructing Roofs in the best manner from a given 
itity of Timber, &c. Also Extracts from M. Belidor, M. du Hamel, M. de Buffon, &c., on the 
ng^h of Timber. Illustrated with 79 Plates. 

By PETER NICHOLSON, Architect. 



54. 
In 8vo., with two large folding Plates of Sections of Roads, Price 2s, 

MAKING AND REPAIRING ROADS. 

.ES for MAKING and REPAIRING ROADS, as laid down by the late Thomas Telford, Esq., 
Engineer. Extracted, with additions, from a Treatise on the IMnciples and Practice of Levelling. 



By F. W. SIMMS, Surveyor and Civil Engineer. 



• 



^ 

16 WORK8 PUBLISHED BY JOHN WKALiEy 



oo, 
4to., ^ith PUt«t. Price 15«. 

A TREATISE ON RIVERS AND TORRENTS, 

With thf METHOD of REfJULATING their COURSE and CHANNELS. By Paul Prisi, Me 
of nuinerotu Academiet. To which is added, an ESSAY on NAVIGABLE CANALS, by the sai 

Translated by Migor-General JOHN GARSTIN. 



56. 
Wood-cuts, 8vo. Price 5#. 

SECOND REPORT ON THE LONDON AND BIRMINGHAl 

RAILWAY, 

Founded on an Inspection of, and Experiments made on, the Liverpool and Manchester Raihraj 

By PETER BARLOW, F.R.S., &c. &c. 



57. 
Wood-cuts, 8vo. Price is. 6d. 

AN ESSAY ON THE CONSTRUCTION OF THE FIVE ARC 
TECTURAL SECTIONS OF CAST-IRON BEAMS, 

Employed as Girders, Bressummers, and other Horizontal Supports for Buildings, &c. 

By WILLIAM TURNBULL. 



58. 
Third Edition. Folio, with a large Atlas of Plates. Price £i. 4*. 

NAVAL ARCHITECTURE; 

Or, the UUDIMKNTS ami RULES of SHIPBUILDING: exempMed in a SERIES of DRAU( 
and I'LANS ; with ()l)iiervatiou8 tending to the further Improvement of that important Art. Dedi 
hy pcnnisMion, to His late Majesty. 

By MARMADUKE STALKARTT, Naval Architect. 



59. 
Throe vols, large 4to., numerous fine Plates. Price £3. 3«. 

HISTORY OF MARINE ARCHITECTURE. 

By JAMES CIIARNOCK, F.S.A. 

Illustrative of the Naval Architecture of all Nations from the earUest period, particularly Briti 

\* Churnock is a work essential to all who study the construction of ships, large and small 

whether for war, packet, or mercantile purposes. 



60. 

Supplnnontnry and Fifth Volume to the Antiquities of Athens, by R. C. Cockerell, Esq., &c, 

ANTKiUITlES OF ATHENS AND OTHER PLACES OF GREI 

SICILY, &c. 

SupplenuMitary to the Antiquities in Athens, hy JAMES STUART, F.R.S., F.S.A., and NICH 
REVETT; <U'linoutod and illustrated hy R. C. Cockerell, R.A., F.S.A., W. Kinnard, T. L. Do 
HON, Member of the Institute of Paris, W. Jenkins, and W. Railton, Architects. 
/ i//j/M>rJai folio, uniform with the Ori^utti Edition of Stuart and Revett, and the Dilettanti ^ 

/ Very tincly printed, and wit\\ wumeroua \iea\iW^\ ^\%X.fe% ^i Y\a»&,^t^%^\<«\&^ Sections, Views, 

/ nwtitB, Ac. in extra cloth boards awd IctUtcA, Vxice «;Q>. Vl%. 

i ^ 
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61. 

Very neatly half-bound in morocco, gilt tops, Price £3. 3*. 

ARCHITECTURE OF THE METROPOLIS. 

DEDICATED TO SYDNEY SMIKKB, ESQ., AKCHITECT, F.B.A., F.G.S. 

A New and Considerably Enlarged Edition, with many Additional Subjects and Plates, of 

USTRATIONS OF THE PUBLIC BUILDINGS OF LONDON, 

o Volumes 8vo., with 165 Engravings, originally edited by the late Augustus Pugin, Architect, 
and John Britton, F.S.A., &c., and now newly Edited and Enlarged 

By W. H. LEEDS. 



lifold as are the publications which represent 
urious structures of the metropolis, this is 
ily work which describes them, not ad libU 
n views which, even when perfectly correct, 
DO more than the general aspect and locality 
h buUding from a certain point, and conse- 
y afford no information beyond mere ex- 
appearance — ^but exhibits them architec- 
y by means of plans, elevations, and occa- 
iy both sections and interior perspective 
Thus a far more complete and correct 
edge may be obtained of each edifice, in its 
arrangement in all its parts and dimensions, 
)y pictorial views of them, 
studies for the Architect, the subjects con- 
. in these volumes strongly recommend them- 
, — ^more particularly so, as of the majority of 



them no plans and elevations are to be met with 
in any other pubhcation, which materially en- 
hances the interest of this collection, and it pre- 
serves to us authentic and tolerably complete 
records of many buildings which no longer exist. 
Among these are Carlton House, illustrated 
with several plates, including sections, and a plan 
of the private apartments; the late English 
Opera House; Mr. Nash's Gallery, which 
has since been dismantled of its embellishments ; 
and The Royal Exchange. 

Among the subjects introduced in this New 
Edition will be found the following : — The Tra- 
vellers' Club House — London University 
— St. George's Hospital — Gateway, Green 
Park — Post Office — Fishmongers' Hall — St. 
Dunstan's, Fleet Street, &c. &c. 



62. 
Royal 8vo., 18 Engravings, cloth boards, 10». 6(f. 

USTRATIONS OF THE PUBLIC BUILDINGS OF LONDON, 

With descriptive Accounts of each Edifice. 

SUPPLEMENT : 

ining the New Subjects and Descriptions by W. H. Leeds, incorporated in the second 
edition, and now sold separate for the accommodation of those possessing the first edition. 

Also a few copies in imperial 8vo. for large paper copies of the first edition. Price 15«. 



63. 
In demy 8vo., cloth boards. Price 9». 

L TREATISE ON THE LAW OF DILAPIDATIONS AND 

NUISANCES. 

By DAVID GIBBONS, Esq., of the Middle Temple, Special Pleader. 

ited to the Honourable Sir John Taylor Coleridge, Knt., one of Her Majesty's Justices of the 

Court of Queen's Bench. 



64. 
arge sheet, very accurately coloured, size within the line of work 25^ inches by 18^. Price 10«. 

)LOGICAL STRUCTURE OF ENGLAND, IRELAND, AND 

SCOTLAND. 

dex Geological Map of the British Isles ; constructed from pubUshed documents, communications 

of eminent Geologists, and personal investigation. 

By JOHN PHILLIPS, F.R.S., G.S., Professor of Geology in King's CoUege, London. 

Engraved by J. W. Lowry. 

Mounted in a case. Price 13«. ; on black roller, 16«. ; mahogany do., 18«. 
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18 WORKS PUBLISHED BT JOHN WBALB, 



65. 
6ott)ic 3rd|tttrturt. 

Tlie fiillfiwiiig vrn' valuable and interesting Work has ]>een withheld from sale for sereral 
the piil>liratifin iirirc \«a!i ti\fd at X2, '1m., but, aa a favourable purchase has been made, the 
1.1 mm' Mm. in extra cloth b(iard>, and Irttered. 

A SKRIES OF ANCIENT BAPTISMAL FONTS, NORMAN, EAl 
EN(JLISII, DECORATED ENGLISH, AND PERPENDICU; 
ENGLISH. 

Drawn Ijv F. SIMPSON, Jun., and Engrave^l by R. ROBERTS. 

Ijirgn Kvo., containinf? 40 vcr}- beautifully engraved Plates, in the best style of the Art, and th< 
written by an acrompli^hcd and talented Gentleman, whose attainments in Architecture and as ai 
qoariaii arc well known and appreciate<l. 

A few coi)ie» on large paper, Price £1. 8«. ; and only six copies India proofs, with Etchings, at £ 



66. 
One large 4to. TIu; Plates engraved in the finest style of Art. Cloth boards, lettered. Price £1. 

THE MONUMENTAL REMAINS OF NOBLE AND EMIN] 

PERSONS, 

Comprising the Sepulchral Antiquities of Great Britun, engraved from Drawings by 

EDWARD BLORE, Architect, F.S.A. 
With Historical and Biographical Illustrations. 

CONTENTS. 

I. Klrniior, Qucon of Edwanl the First. Westminster \J. John Gower. St. Saviour^M Church, Southu 

Ahhn/. — \HJ{). 1408. 

I 1. Kfli(;y «if th«: Name. 18. Kinf; Henry the Fourth and his Queen. Can. 

! :j. Hriuii Kitzulan, JJuron of Bcdalc. Jirdale Church. — Cathedral. — 1412. 

I :io 1 . 19. Effigy of the same. 

4. AviiiiT «1(! Valciirc, Karl of IVnibroko. Westminster ao. Tliomas Fitzalan, Earl of Arundel. Arundel I 

Ahhrif.--\:V1\. —1415. 

fi. Sir JiiiiKH Doufclas. Douff Ins Church. — 1331. 21. Ralph Neville, Earl of Westmorland. Stt 

ft. (fcrviiHc Aliinl, A(hniral of the Cinque Purls. Winchel- Church. — 1425. 

/icn Churrh.—Sii (lAtc. 22. Archibald, 5th Earl of Douglas. Douglas Ch 

7. Phili|i|»a, Qucru of Edward the Third. Westminster 1438. 

Ahhi'i/. \M')\). 23. Richard Bcauchamp, Earl of Warwick. Beax 

H. Dfliyy of th<; »urnc. Chapel, Warwick. — 1439. 

9. 'J'hoiiiiiM IJi'iiiichiuiip, Earl of Warwick. Bcauchamp 24. Eflifcyof the same. 

Chftftrf, Wiinrirk. — XW'ji). 25. John Beaufort, Duke of Somerset. Wimbom^ 

10. Edwiml, Prince of Wales. Canterbury Cathedral. — — 1414. 
I.'t/fl. 26. Humphrey, Duke of Gloucester. St. Alhan's A 

11. Elfii^y of tlic Hanio. 1446. 

\'.:. KiiiK Kilwiird (he Third. Westminster Abbey. — 1377. 27. Sir John Spencer. Brington Church. — 1522. 

l:<. KtfiKy of tlic siuitc. 28. Archbishops Warham and Peckham. Can 

II. 'J'hoiiiiiH Hat Urhl, Jiinhop of Durham. Durham Cathe- Cathedral. — 1532. 

ilral. \.\H\. 29. Margaret Plantafrenet, Countess of Salisbury. 1 

ITi. Williatii of W\kliani, Bishop of Winchester. Win- Church, Hampshire. — 1541. 

chi-ntrr Cnthrd'ral. — 1404. 30. Sir Anthony Browne. Battle Abbey. — 1548. 

lA, Effigy "f Ihi* Name. 



/ 



67. 
In folio size, Price ;€1. Is. in boards. 

HIIMXJKN'S INTKRTOR DECORATIONS, DETAILS, AND VII 

OF SEFTON CHURCH, IN LANCASHIRE, 

l']rvrir<\ by tli(! Moliiioiix family (tbo ancestors of the present Earl of Sefton), in the early part 
rn'if^n of lltmry VI 11. 

Tha I'lntvH ('M in number) (WspVoy l\\e \ife«A\\Ai\3\ ^\,iVt ^ >i\v^ *l>i^^^ A.^ in Details, Omai 
ScctioitH, and Vicwi. Etched m a mastetVy sV,^\e oi NrV. 
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68. 
Royal 4to.| very neatly half-bound in morocco, gilt. Price £2, 128. &d. 

DRAWINGS OF THE FINEST EXISTING SPECIMENS OP 
ANCIENT HALF-TIMBERED HOUSES OF ENGLAND, 

And of their Details ; with an Essay, showing the Classification of the Style, and the Age to which it 
itelongs. 

By M. HABERSHON, Architect. 

*^* The work contains upwards of Twenty Views, taken from the finest remaining Specimens of this 
:iiiteresting branch of the Ancient Architecture of England, comprising Manor Houses, Town Resi- 
dences, and Cottages, some of which are particularly striking and picturesque ; and, in order to give a 
pnore complete illustration of it, such Views are accompanied by Drawings, to a large scale, of Chim- 
iieys, Tracery, Porches, Doors, Windows, and other Details. To which is added, an Essay, giving a 
General Historical View of English Architecture. 



69. 
With Plates, imperial 8yo., cloth boards, £1. la. 

CLARKE'S ELIZABETHAN ARCHITECTURE. 

CONTENTS. 



FWimbledon House, Siirrey, built by Sir Thomas Cecil, 

F 1588. 

^Xuton House, Essex, Sir Henry Maynard. 

iMtoQ Hall, Warwickshire, Sir Thomas Holt. 

-'Gxafton Hall, Cheshire, Sir Peter Warburton. 

'Stanfield HaU, Norfolk, family of Flowerdews. 

..-Beckford Hall, Thomas Seckford. 

Bnmahill House, Hampshire. 
-.VieBii Place, Kent, Lord Zouch. 
.'Qneen*8 Head, Islington, Sir Walter Raleigh. 

(fluudeton, Oxfordshire, Walter Jones. 



Brereton Hall, Cheshire, Sir Walter Brcreton. 

Holland House, Middlesex, Sir Walter Cope. 

Haiighley House, Suffolk. 

Streete Place, Sussex, Dobell. 

Montacute House, Somersetshire, Sir Edward Philips. 

Westwood House, Worcestershire. 

Wakehurst Place, Sussex, Sir Edward Culpeper. 

Carter's Comer, Sussex. 

Eastbury House, Essex, Lord Monteagle. 

East Mascall, Sussex, Newton. 

Old House, near Worcester, &c. 



I 



70. 



rr Sixty Plates, Title-Page printed in colours and gold, elegantly half-bound in morocco, and lettered, 
r Price £\. 16*. 

SPECIMENS OF THE ARCHITECTURE OF THE REIGNS OF 
^ QUEEN ELIZABETH AND KING JAMES I., 

ftom Drawings by Charles James Richardson, George Moore, and other Architects, with 
Observations and Descriptions of the Plates. 

Eighteen Plates illustrate the Old Manor House, the Gardens, Terraces, &c. at Claverton, the Seat of 
LOeorge Vivian, Esq. — six the Duke of Kingston's Picturesque House at Bradford — and eight the 
jiincely Mansion of Lord Holland at Kensington. 

f The volume contains examples of Ceilings, Porches, Balustrades, Screens, Staircases, Monuments, 
^pits, &c. ; and a rich collection of Facsimiles of Old English Drawings, chiefly of John Thorpe, 
fhe most eminent Artist in Queen Elizabeth's time. 



71. 

In 8vo.y extra cloth boards, and lettered. Price 78. — 25 copies are printed on India paper. Price lOs, 6d, 

Second Edition, corrected. 

hakewell's attempt to determine the exact 

character of ELIZABETHAN ARCHITECTURE, 

'fihistrated by Parallels of Dorton House, Hatfield, Longleate, and WoUaton, in England ; the Pallazzo 
Aella Cancellaria, at Rome. 

The Plates (8 in number) consist of compartments of the Pallazzo della Cancellaria, at Rome, ^' 
^ramante, 1495 ; and Longleate, by John of Padua, 1547. Com^ttxtxassciX. <5>i *Cg& '^wjiCkv "^^5s«i 
iSatfieldl, 1611, vdth comjMLrtment of Wollaton Hall, 15B0-, I>oIV»\i^o^iat,^^^0«a«--^^^as^^'^>la! 



WORKS PDOLieHeD BY JOHN WKAL.B, 

li Loncilu^nal Section of lliv Suircium; TcanivcTK Section of the Sttireiue i Cbnaarf' 
n Eli»bcth'> nwinl Ceiling in tlic lanie roomi a fFoat tiew of the Queen oci:u|iies ibc c 
laipartmeul ; Uie corrupaDiling coiapkrlinentB ire tilled with tbe Ponnutt uf lier iirinL-iii^ ^lln 



Btd., cloth boards, and lettered. Price Ss. 

MOLLF.R'S GERMAN GOTHIC ARCHITECTURE 

TruuBlalfd. With Notes and UlastntioDS hy W. H. LEEDS. 



In Hvo.. wUh Notes and lllu«lrationa hy W. H. LEEDS. Price £i. 4, 

ecrtnnu ®QlI)ic Srtttttrturc, 

MEMORIALS OF GERMAN ARCHITECTURE; ' 

Or, the ARCHITECTUKAL ANTIQUITIES OF GERMANY. 
y GEORGE MOLLBR, of DamiMadt, Architect to the Grand Duke of Hesae. 
E TOls., large (olio, nith 130 Plates, a Description of each Edifice, and ui Ebbrj on the Ori^n tuu 
greu of Gothic Architecture, with reference to ita Origin and Frc^^ress in England ; in the Gt 
ge, afcompanini by an English Tranalation. 
inntiDD, or Ririr G^maa, bu nut |4C, w fv mon wiD probafalr ttjip'qir in % ibort time. l>r. U 

L the rmumv Df hii thIiuUb DenkinadMer. hki iBiqa Buvllent ipBaveDfl M eveiT atrle uf GcnuWI 
<n iu eicclfcnt R^rvBcntaddnt or fhf f^ntbadral in^T uiii DiTi^n aililidODal iaUfal and bcan^ ia Ml 

Uad ; and hH noticed tbe inlermedUle and sa. ag. 

!•«, shich ihli til&et ttrna la ocniny in the ■ Tbe Churefa of St. Cuhuine, it OnnenliAl 

e Gemum ilfie.'— WheweU-i Nota sc Woroi, slio in put a niiD. it uadier fine uuiiilg 

p.iS. Itjle, and bla Inen nnrthilT illurtnUed ill lbs rmM 

cEier.iennlnlniblEpabtiatiDDi.witli work of Dr. MuUn.' — WbeweU'n Noto nn G 



74. 
Royal 4to., with Plates. Price £1. I». 



i 



PROLUSIONES ARCHITECTONIC.*:; 

KOr, ESSAYS on Subjects connected with GRECIAN and ROMAN AKCIIITECTURE. mnftnl 

Forty EngraviugB bj eminent ArtdBts. Dedicated, by pennifision, to Eahl GaBv, K.G. 

By WILLIAM WILKINS, A.M., R.A., F.R.S., 

I Formcrlj a Senior Fellow of Ciuus College, in the University of Cambridge ; Professor of Archill 

iu the Royal Academy of Arts, 



75. 

2 vols 4to., upwards of 70 Plates and Wood-cuts, Price £2. 2j. 

LETTERS OF AN ARCHITECT FROM FRANCE, 

AND GREECE ; 

r, CRITICAL REMARKS on CONTINENTAL ARCHITECTURE, ANCIENT and MO! 

on tbe CLASSIC ARCHITECTt/RE of GREECE. Written m a Series of Lett 

By JOSEPH WOODS, F.A.S., F.L.S., F.G.S., &c. 



AlSi 
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76, 
8vo., with Plates, Price 7s. 

VENTILATION, WARMING, AND TRANSMISSION OF SOUND. 



BJEPORT OF THE COMMITTEE OF THE HOUSE OF COMMONS ON VENTILATION, WARMING, 

AND TRANSMISSION OF SOUND, 

Abbreviated, with Notes. By W. S. INMAN, Architect, F.I.B.A. 



77. 

In 8vo., illustrated with a very fine Frontispiece of St. Paul's Cathedral, by Gladwin. Exiara 

cloth boards, Price lOs. 6d, 

the PROFESSIONAL PRACTICE OF ARCHITECTS AND THAT 

OF MEASURING SURVEYORS, 

And Reference to BUILDERS, &c., &c., from the time of the celebrated Earl of Burlington. 

By JAMES NOBLE, Architect, F.I.B.A. 



78. 
78 very fine Plates, royal folio, neat in cloth boards and lettered. Price £3. 3«. 

THE UNEDITED ANTIQUITIES OF ATTICA. 

the Society of DilettantL Comprising the Architectural Remains of Eleusis, Rhamnus, Sunium, 

and Thoricus. 



bsA 



79. 
8vo., with Plates, Price 7*. 

Cottages and houses for the peasantry and 

emigrants. 

BNTART AND PRACTICAL INSTRUCTIONS ON THE ART OF BUILDING COTTAGES AND HOUSES 

FOR THE HUMBLER CLASSES. 

Easy Method of Constructing Earthen Walls, adapted to the Erection of DweUing-houses, Agri- 
and other Buildings, surpassing those built of Timber in comfort and stability, and equalling 
built of Brick, and at a considerable saving. To which are added. Practical Treatises on the 
iufactnre of Bricks and Lime ; on the Arts of Digging WeUs and Draining ; Rearing and Managing 
Yegetable Garden ; Management of Stock, &c. For the use of Emigrants ; for the better Lodging df 
Peasantry of Great Britain and Ireland ; and the Improvement of those Districts to which the 
levolence of Landed Proprietors is now directed. 

By WILLIAM WILDS, Surveyor. 

The work contains : — 



,__^p. I. Ilie Art of Constructmg Houses and Cottages IV. On the Properties, Uses, and Manufacture of Jiime. 
L with E^arthen Walla made easy, being intelligible to all V. On Well-digging, Draining, Well-sinking, &c. ; on 



W-^lasaea* and to the most ignorant in building, with Fuel, on Gardening; what miantity of Land will keep a 

n'Wcxyd-cuta of tools, pUms, and sections, &c. Family in culinary Vegetables ; Pork, Eggs, Milk, and 

Q. On Bricks, how they are to be advantageously applied Bread Com ; on the Keeping of Cows, Hogs, Poultry, 

In oofgunction with rammed earth ; rules for selecting Bees, and Art of making of Candles, Soap, Storing Fruit, 

'^ .'tite best earth, &c. Roots, &c. 
til. On tike ManufiKctore and Choice of Bricks. 



80. 
^ In 4to. Plates, very neatly coloured, cloth hoards and lettered. Price 16«. 

k. SERIES OF DESIGNS FOR VILLAS AND COUNTRY HOUSES, 

I Adapted with Economy to the Comforts and to the Elegances of Modem Life, with Plans and 
K Explanations to each. 

I By C. A. BUSBY, Architect. 

« : — { 



SI. 
Secanil Editkin, 4tu., Price £1. U. 

DESIGNS FOR VILLAS AND OTHER RURAL BUILDll 

By ihe lat* EDMI'NH AIKIN, Arehitect. 

EiigiSTcd an 31 Klntcs. wllli PUiiii and r^lcvnlioiio, rlR^nlly coloured, and an iDtradxptar? Ei 

Goataiitiiig ItciuArka uti tlic ]if^uailiiig DufcKh tif Modem Architcclore, &nd on the Inve^tifrHtlgo ul 

Style hctl wiaplcd for tiie Dwellings of llie I're&cQt Times. DedioBUd to the lote Thomas Hope, i 

Cm io InutKte ui^ua minpLfa, nbicb u tuHriar la ibe dcfUIa tliBt puidc Uitiat 11 

iblUun*. lull llctHjk. but ntvrr a lubiFct whwh it mm; be luefol anil mtncBtJag (q pal 

I Ihiit tliTj- bnitBtc hlindljf, anJ — Vide latrodoftkni- 



If. Plates, large 4lo., Price 16*. 
DESIGNS FOR RURAL CHURCHES. 

Ily IJEUIItJE E. HAMILTON. Atchiteil. 

83. 
Second Edition, in Hvo., Uluilratcil witU numcrons lai^ folding PlBtea, Price I2». Gd. 

A POPULAR TREATISE ON THE WARMING AND 
LATION OF BUILDINGS, 

StiDUing tlie advantages of the Improved System of Heated Water Circtilotion, &e^ S 
By CHAllI.t;S JAMES KICIIAKDSON, Areliitect. 

84. 
The Sixili Edition, Price iSa. iiotiud. 
THE PRACTICAL HOUSE CARPENTER, OR YOUT 
INSTRUCTOR ; 

Containing a great variety of useful Designs iu Carpentry and Architecture; as Centering for Cp 
Niches, &c. ; Esamples for Hoofs, Skyliglita, flic. ; Designs for Chimney-pieces, Simp Fronis, I 
Coses; Section of a Dining-Room and labrary; varii^ of Staircases, with many alher ImpM 
lies and usctiil EmhcUishracnB. The whole iUnatroted and made peifectly easy by Hi 
Copper-platea, with Explanations to each. 

By WILLIAM PAIN. 



85. 
lu small Svo., for a Pocket-Book. A New Edition, nith the Goiemment Tables of Annuities. 
Price 7s. boards. 
TABLES FOR THE PURCHASING OF ESTATES, 
Freehold, Copyhold, or Leasehold, Aunuilies, &e., and for the Renewing of Leases lield under C*>b< 
Churches, Colleges, or other Corporate Bodies, for Terms of Years certain, and for Lives i ilM^ 
taluing Roversicniarj Estates. Deferred Annuities, Next Presentiiljons, &c. Together wiUi hi 
useful and intereiting Tables connected with the subject. Also, the Five Tables of CoiD])ouiid InW 
By W. INWOOD, Architeet and Surveyor. 



12mo., Price 3s. 6rf. 

A MANUAL OF THE LAW OF FIXTURES. 

By DAVID GIBBONS, Esq.. of the Middle Temple, Special Pleadei. 
k purposely written for the ase of Builders, House Agents, and Home and 



i 
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87. 
Price 28. 6d,f pocket size, cloth boards. 

THE BUILDING ACT (at Large), side References. 

With Extracts from the Sweeps' Acts ; and with Explanatory Notes and Cases. 

By A. AINGER, Architect. 



88. 
8vo., Price 16«. 

COMPLETE ASSISTANT for the Landed Proprietor, Estate and House 

Agent, Land Steward, Proctor, Architect, &c. 



89. 
8vo. Tolunie, with a folding Plate, Price 5». 

ON THE SAFETY LAMP, 

For Preventing Explosions in Mines, Houses Lighted hy Gas, Spirit Warehouses, or Magazines i 

Ships, &c. ; with Researches on Flame. 

By SIR HUMPHREY DAVY, Bart. 



90. 
New Edition, 8vo., Price 16*. With 35 Copper-plate Engravings. 

A TREATISE ON ISOMETRICAL DRAWING, 

As applicahle to Geological and Mining Plans, Picturesque Delineations of Ornamental Grounds, Pe: 
spective Views and Working Plans of Buildings and Machinery, and to General Pmposes of Civ 
Engineering; with Details of improved Methods of preserving Plans and Records of Suhterranea 
Operations in Mining Districts. 

By T. SOPWITH, M.I.C.E. 



91. 
Second Edition, with Examples, Price 3s. 6d. 

A SET OF PROJECTING AND PARALLEL RULERS, 

For constructing Working Plans and Drawings in Isometrical and other Modes of Projection. 

Invented by T. SOPWITH. 



92. 
Price 10». 6d. 

GEOLOGICAL SECTIONS 

Of Holyfield, Hudgill Cross Vein, and Silver Band Lead Mines, in Alston Moor and Teesdale, showin 
•tlie various Strata and Subterranean Operations. Engraved on three coloured Plates, with D( 
icrqitions, &c. 



93. 
12mo., Price 4«. 6d. 

AN ACCOUNT OF THE MINING DISTRICTS 

Of Alston Moor, Weardale, and Teesdale, in Cumberland and Durham ; Descriptive Sketches of th 
Scenery, Antiquities, Geology, and Mining Operations in the Upper Dales of the Rivers Tyne, Weai 
and Tees. 
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WORKS PUBLISHED BT JOHN WEALE^ 



94. 



In 4to.y ^ith 5 Plates, iu boards, Price 10«. 6</. 

OBSERVATIONS ON THE CONSTRUCTION AND FITTING 
OF MEETING HOUSES, &c. FOR PUBLIC WORSHIPj 

Illustrated by Plans, Sections, and Descriptions, including one erected in the City of York ; embra 

in particular, the METHOD of WARMING and VENTILATING. 



FURNITURE AND INTERIOR DECORATIONS. 



95. 
Royal 4to., Price £1. 1». 
CHIPPENDALE'S 133 DESIGNS OF 
INTERIOR DECORATIONS IN THE OLD 
FRENCH STYLES, for Carvers, Cabinet- 
Makcrs, Ornamental Paintci-s, Brass-Workers, 
Modellers, Cliasers, Silversmiths, General De- 
signers, and Architects. Fifty Plates 4to., con- 
sisting of Hall, Glass, and Picture-Frames, 
Chimney-pieces, Stands for China, &c.. Clock 
and Watch Cases, Girandoles, Brackets, Grates, 
Lanterns, Ornamental Furniture, and Ceilings. 

96. 

15 Plates, 4to., Price 10». &d, 
SPECIMENS OF THE CELEBRATED 
ORNAMENTS and INTERIOR DECORA- 
TIONS of the AGE of LOUIS XIV., selected 
from the magnificent work of Meissounier. 

97. 

11 Plates, 4to., Price 78. 

CHIPPENDALE'S DESIGNS for 

Sconces, Chimney and Looking-Glass Frames, 
in the old French style : ada])ted for Carvers 
and Gilders, Cabinet-Makers, Modellers, &c. 

98. 

12mo., Price is. 6d. 

DESIGNS FOR VASES, on 17 Plates. 

99. 
10 Plafes, 8vo., Price 4s. 

DESIGNS FOR CHIMNEY-PIECES 
AND CHIMNEY GLASSES, the one above 
the other, in the times of Inigo Jones and Sir 
John Vanburgh. 

100. 

5 Plates, oblong, Price Is. 6d. 

A BOOK OF ORNAMENTS, suitable 
for Begiimers. By THOMAS PETHER, 
Car\er. 

101. 

In large folio, 126 Plates, boards. Price £4. is. 

ETCHINGS, representing the BEST 
EXAMPLES of ANCIENT ORNAMENTAL 
ARCHITECTURE, drawn from the Originals 
in Rome. FRAGMENTS of GRECIAN OR- 
NAMENT. By C. H. TATHAM, Architect. 



102. 

On 33 folio Plates, engraved in imitation < 
Chalk Drawings, Price lbs, 

ORNAMENTS DISPLAYED, on a 

size for working, proper for all Carvers, Paii 
&c., containing a variety of Accurate Exai 
of Foliage and Friezes. 

103. 

With 30 Plates, coloured in a superior nu 
and -hot-pressed, bound in cloth, and 
lettered, with a letter-press descriptive li 
the contents, Price £1. 78. 

DESIGNS OF VALANCES AND D 

PERIES, consisting of New Designs for Fas 
able Upholstery Work. By T. KING. 

This work contains a variety of Valances 
Draperies of the richest description, ad 
for Dining and Drawing-rooms, with 
novel Designs for Four-post and French B< 

As a limited number of this work is pre] 
orders are requested as early as possible. 

104. 

46 Coloured Plates, oblong. Price £1. 

ORIGINAL DESIGNS FOR CABIl 
FURNITURE. By T. KING. 

105. 

32 Coloured Plates, oblong. Price £1. 

ORIGINAL DESIGNS FOR CH.^ 
and SOFAS, with MUSIC STOOLS, 1 
STOOLS, OTTOMAN SEATS, &c. &c. 
T. KING. 

106. 

Part I., large quarto, 16 Plates, Price 12, 

THE UPHOLSTERER'S SKET 
BOOK OF ORIGINAL DESIGNS 
FASHIONABLE DRAPERIES. By T. Is 

107. 
Price 12*. 

THIRTY-SIX NEW, ORIGINAL, . 
PRACTICAL DESIGNS for CHAIRS, ac 
for the DRAWING and DINING-R 
PARLOUR and HALL. By W. TOMS, j 
Carver. 
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108. 

1, 2, 3, 4, complete, 10#. 6d. each, (the 
whole £2. 2«.,) containing 84 Plates. 

ENTIRE NEW SERIES OF 
.BINET AND UPHOLSTERY DESIGNS, 
ended to embrace every variety of elegant 
1 useful Furniture, suited to the Palace or 
ttage, including the various styles of Greek, 
thic, Louis the 14th, &c. By GEORGE 
[ITH. 

109. 

dSl., 4to. post, common paper, 15«., contain- 
g 37 Plates, and 44 pages of letter-press. 

HOLSTERERS' ACCELERATOR, 

; Rules for Cutting and Forming Draperies, 
ices, &c., accompanied by appropriate Re- 
3, and containing a full description of a New 
m, which will greatly facilitate and improve 
tecution. By T. KING. 



110. 

3 Plates, conveniently small for the pocket, 
Price £1.^8, 

CCORATIONS FOR WINDOWS 
AND BEDS, 

sting of 100 Fashionable Designs for Uphol- 
Work, with the Varieties of the present Style, 
3d into parts. By T. KING. 

111. 

15«. coloured, containing 21 Plates, 4to. 
demy, half-bound. 

3ERN DESIGNS FOR DRAPERY 
AND VALANCES, 

Displayed in Beds and Windows. 
By T. KING. 

112. 

Just published, 3 Parts, Price ^I. 10#. 

rORKING ORNAMENTS AND 
FORMS, 

ize, for the use of the Cabinet Manufacturer, 
lair and Sofa Maker, Carver, and Turner. 

By T. KING. 

113. 

vols., large 4to., 60 Plates, Price £2. 5«. 

CABINET-MAKERS' SKETCH 
BOOK. By T. KING. 



114. 

Price £1, 
SUPPLEMENTARY PLATES 

To the work entitled " The Modem Style of 
Cabinet Work Exemplified in New Designs." 

By T. KING. 

The Supplementary Plates consist of 68 New 
Designs, on 28 Plates. 

115. I 

I 

Price £2.f medium 4to., half-bound; common I 

edition, £1. 12«. in boards. j 

THE MODERN STYLE OF CABINET 
WORK EXEMPLIFIED IN NEW 
DESIGNS, 

On 72 Plates, containing 227 Designs for Cabinet 
Work. By T. KING. i 

116. 

Price £1., 42 Plates, on royal 4to., many of which 
are neatly coloured. 

DESIGNS FOR CARVING AND 
GILDING, 

With Original Patterns for Toilette Glasses. 
By T. KING. 

117. 
Price 5#., 8vo. 

R. MAINWARING'S CHAIR- 
MAKERS' GUIDE, 

200 Genteel Designs (1766). 

118. 

Large 8vo., Price 7«. 
HOUSEHOLD FURNITURE, 

In the taste of a century ago, containing upwards 
of 350 Designs on 120 Plates. 

119. 
Price 15«., 18 Plates, on folio demy. 

SHOP FRONTS AND EXTERIOR 

DOORS, 

Displaying the most approved of London execu- 
tion, and selected, as being those of the best taste 
and greatest variety ; dravm to a scale by accurate 
measurement, accompanied by the proper Sections 
and Plans, vdth several New Practical Designs: 
for the use of the Architect, Builder, and Joiner. 
By T. KING. 

1 
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VALUABLE ENGRAVINGS ON 
MECHANICAL 

191. 

I LONDON BRIDGH:: engraved on Steel, 
in the befit style, by J. W. Lowbv, luider the 
direction of B. Ai-bako, Esq., C.E., fi-ani hia 
Drawhig presented to the lustitution of Civil 
Engineer, and made from the Original DraW' 
ingi and Admeasuremenl, with permission of 
Sir John Rennib, F.R.S., the Engineer. 1st. 
Part. Plaa aud Elevation on a large scale, 25 
feet to 1 inch. Ibii. On India Paper, £\ ' " 

122. 

STAINES BRIDGE: a fine Engraviae 
by J. H. Lb Keux, under the direction of 
D. Albanq, Esq., C.E., from his Drawing pre- 
scnted to the Institution of Civil Engineers, 
and made from the Original Drawings and 
Admeasujement, with permisfdon of GnontiK 
Rbnnik, Esq., P.n.S., the Engineer. Ist. Part. 
Plwi and Elev&tion on a Bcale of 10 feet to 
I inch. 10«. On India Paper, ISj. 

123. 
PAHIS— Bbidob of JENA, 2 fine Prints. 
Plan, Elevation, Seetion, and Details. Draw- 
ings made by L. CoLEKnnowBKi, C.E. (Polish 
Engineer residing in Paris), from adracasure- 
by permission of the French Government. 



ARCHITECTURE, CIVIL Al 
ENGINEERING. 



GLADWIN'S Fine Engraving of 

Patent Setf-Acting Sliile l.aihe, maaufli 
by Messrs, J. Whitworth and Co,, 
aheil«r. ii. India pajier, Tt. Sd. 

125. 
GLADWIN'S Fine Engraving of ft' 

iog and Boring Macliiiie. by McsiR. ' 
WORTH and Co., KlaDcheslor. 7«. 



GLADWIN'S Elevation of STsrHaw 

PateBk l^romotive Engine, priuted Da 
paper Tor colouring. Columbier tin. fli 

1-37 . '■ 

GLADWIN'S Splendid Engrafiii 

Stupbeh son's Patent Locomotive Engt 

Large folio, Priee 7». 

*^* This is a master-piece of Meduuei 

graving, and may be considere4 uniqM' 



Lithographed Folio Print of the « 
braled 'I'rajo Carrii^ for Rulwayg, to ifii 
Friclioo and Concnssion. Mr. Bi A 
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129. 
Price £1. 8«. 

DLERRISSEAU'S Fourteen Plates of 
Engravings, on a large Atlas folio size, of the 
following, being a set. 

Arch of Pola in Istria. 
Arch of Trajan. 
Temple of Pola in Istria. 
;. Temple, of Venus. 

Amphitheatre of Capua. 
Innde of the Temple of Concord. 
Ancient Sepulchre situated in Naples. 
Arch of Septimus Severus and of Caracalla. 
Aiiq»lutheatre <tf Beneventum. 



Temple of Serapis. 

Tomb of Virgil. 

Temple of Jupiter Stator. 

Temple of Antoninus and Faustina. 

Gate of Cuma. 

130. 

Gilt frames and glazed, very neat, 11». the pair. 

PORTRAITS FRAMED AND GLAZED 
FOR AN OFFICE. 

A Pair of Portraits of Geo. Stephenson, Esq., 
of Newcastle upon Tyne, and Robert Steven- 
son, Esq., of Edinburgh, Civil Engineers. 



131. 
Handsomely engraved on Steel, (size 16 inches by 10^ inches,) Price 2s, 6d. plain, Zs. coloured. 

A CHART OF THE HARBOUR AND PORT OF 

LONDON, 

dbiting the River Thames and the adjacent Docks from London Bridge to Bugsby's Hole, and 

Lading the Greenwich Railway, the Commercial Railway, and the commencement of the Croydon 

Iway. 

In this Chart the Low-water Mark, Soundings, Shoals, and other important features, are inserted 
km the most recent surveys ; and, from the care which has been exercised in indicating correctly the 

ions "Wharfs, Dock-yards, Warehouses, and Factories, on each side of the River, it wiS be found of 
utility to all persons engaged in nautical or commercial pursuits. 



SIR CHRISTOPHER WREN'S 
ARCHITECTURE. 

18S. Flan of his First Design of St. Paul's, Is. 
188. Elevation and Section of Bow Church, 1«. 6d. 
134. Interior of St. Stephen's, Walbrook, Is. 
.185. Section of St. James's Church, Piccadilly, Is. 
180. Hoof of the Theatre at Oxford, Is. 
i 187* Plan for the Rebuilding of the City of London, Is. 

188. Elevation, Plan, and Section of the College of Phy- 
I, London, Is. 6d. 

189. Elevation of the Tower and Spire of St. Dunstan's 
I tiM East, London — Elevation and Section of Chichester 

1«. 6d. 



140. 

WESTMINSTER HALL. 

Section from admeasurement by Mr. George Allan, 
(Clerk of the Works to Sir Robert Smirke, Architect to the 
late Renovation). Very neatly engraved by Mr. Hawks- 
worth. Folio size, 28. 6d. 

141. 
SECTION OP ST. Paul's cathedral. 

The Original Splendid Engraving by Gwyn, of 
the Section of St. Paul's Cathedral, decorated 
agreeably to the original intention of Sir Christopher 
Wren; a very fine large Print, showing distinctly the 
construction of that magnificent Edifice. Price 10s, 

This is a magnificent Plate, the only one of its kind, 
showing constructively the genius of Sir Christopher Wren. 



The following Prints, 8vo. size, are 6d. each ; 4to. size, on India paper, Is. each. 



143. Mr. Greenough's Villa. 2. D. Burton. 
148. Catholic Chapel. 2. Newman. 

144. York Stairs' Water Gate. 1. I.Jones. 

145. Somerset House, (Elevations, Interiors, and Views). 
'Chambers. 
140. Society of Arts. 1. Adam. 

College of Physicians. 2. Wren. 

Newgate. 1. Dance. 

Church of St. Peter le Poor. 1. Gibson. 

East India House. 1. Jupp. 

Ashbumham House. 2. I. Jones. 

Church of St. George. 3. Hawksmoor. 

Church of All Souls. 1. Nash. 

Westminster Hall. 2. Nash. 

Banqueting House. 1. I. Jones. 

Mansion House. 1. Dance, &c. 

County Fire Office. 1 . Abraham. 

University Club House. 1. Wilkins and Gandy. 

Tower of Bow Church. 1. Wren. 

Westminster Abbey Church. 6. Wren. 

Hall, Christ's Hospital. 1. Shaw. 

Carlton Palace. 5. Sir B. Taylor. 

College of Physicians and Umon Club House. 2. 



147. 
148. 

c. 149. 
150. 
151. 
152. 
153. 
154. 
155. 
150. 
157. 
158. 
159. 
idO. 
101. 
Ids. 
103. 



R. Smirke. 



164. Terraces in the Regent's Park. 2. Nash and D. 
Burton. 

165. Council Office, &c. 1. Soane. 

166. Bank of England. 3. Soane. 

167. Law Courts, Westminster. 3. Soane. 

168. House of Lords, &c. 3. Soane. 

169. Colosseum, Regent's Park. 1. D. Burton. 

170. Hanover Chapel. 1. Cockerell. 

171. Temple Bar. 1. Wren. 

172. House of Mr. Nash, &c. 2. Nash. 

173. Belgrave and Eaton Squares. 2.^ Nash. 

174. Mr. Kemp's Villa. 2. Kendall. 

175. London, Southwark, and Waterloo Bridges. 6. 
Rennie. 

176. Bridge of Blackfriars. 1. Mylne. 

177. Bridge of Westminster. 2. Labelye. 

178. King's Entrance, House of Lords, Section and In- 
terior Views. 3. Soane. 

179. Plan and Interiors of St. Stephen's, Walbrook. 2. 
Wren. 

180. Plan and Interiors of Temple Church. 3. Wren. 

181. Plans, Elevation, and Section of Custom House, 
London. 2. Laing. 

182. Plan and Elevation of Uxbridge House. Vardy. 

( 
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SPARING FOR PUBLICATION IN THE COURSE OF 

THE YEAR 1840. 



240. 
THE PUBLIC WORKS OF THE UNITED STATES, 

CONSTRUCTED BY EMINENT AMERICAN ARCHITECTS AND ENGINEERS; 

ting of Plans, Elevations, and Sectional Details of all the principal Improvements of the States. 

By WILLIAM STRICKLAND, Architect and Engineer, 
EDWARD H. GILL, and HENRY R. CAMPBELL, Engineers. 

THE FOLLOWING SUBJECTS ARE PREPARING : 



levation, and Sections of the Bank of the 

id States, Philadelphia. 

actions, and Details of a Locomotive Steam 

le, as constructed by M. W. Baldwin, 

delphia. 

levation, and Section of the double outlet 

on the Schuylkill Canal at Plymouth, 
sylvania. 

levation, and Sections of the Schuylkill 
ict on the Columbia and Philadelphia 
aad, Pennsylvania. 

levation, and Sections of a Timber Dam, 
e Sandy and Beaver Canal, Ohio, 
evation, and Sections of the United States* 

Philadelphia. 

levation, and Sections of the Schuylkill 
anent Bridge, Philadelphia, 
[evation, and Sections of the Philadelphia 
ange. 

levation, and Sections of the Philadelphia 
Forks. 

levation, and Sections of the Stone Via- 
over the Schuylkill River at Phoenixville, 
jylvania. 

Elevation, and Details of a Locomotive 
1 Engine, as constructed by H. R. Camp- 

ievation, and Section of the Philadelphia 
by Prison. 

Elevation, and Sections of a Cut Stone 
iuct, constructed over the James River, 
lia, on the James River and Kanawha 
jvement. 

evation, and Section of a Canal Bridge, 
levation , and Sections of the Philadelphia 
-house. 

levation, and Sections of the Girard Col- 
or Orphans, Philadelphia, 
levation, and Sections of the Fairmount 
:e, Philadelphia. 

evation, and Actions of the Philadelphia 
r-works, with a Map of its location, 
evation, and Details of an improved Eight- 
led Day and Night Passenger Car, as 
on many of the Railroads in the United 
s. 



Plan, Elevation, and Sections of the United States* 

Naval Asylum, near Philadelphia. 
Plan of the Aqueduct over the Allegheny River, at 

Pittsburg, Pennsylvania. 
Plan, Elevation, and Sections of a Canal Lock, 

vnth improved gates, Sandy and Beaver Canal, 

Ohio. 
Plan, Elevation, and Sections of the Exchange 

Buildings at New York. 
Plan, Elevation, and Sections of the Eastern Peni- 
tentiary at Philadelphia. 
Plan of the Reservoir Mound and Gates, with 

Details, on the Schuylkill Canal, near Pottsville, 

Pennsylvania. 
Plan, Elevation, and Sections of a Cut Stone Aque- 
duct being constructed on the line of the New 

York Water-works. 
Plan, Elevation, and Details of the Troy and Sara- 
toga Viaduct and Draw constructed over the 

Hudson River, New York. 
Plan, Elevation, and Sections of the Bridge over 

the Delaware River at Trenton, New Jersey. 
Plan, Elevation, and Sections of a Stone and 

Thnber Lock, as constructed on the Schuylkill 

Canal, Pennsylvania. 
Plan and DetaUs of a Hudson River Steam Boat 

for Passengers. 
Plan and Details of the Delaware Breakwater at 

the entrance into the Bay of Delaware. 
Plan of the Timber Dam constructed across the 

Swatara Union Canal, Pennsylvania. 
Plan, Elevation, and Section of the Stone Viaduct 

at the " Horse Shoe Bend," Allegheny Portage 

Railroad, Pennsylvania. 
Plan of a Burden Car with Eight Wheels, as used 

on the Pennsylvania Railroad. 
Plan, Elevation, and Sections of the Towing Path 

Bridge, constructed over the Schuylkill lUver at 

Manayunk, Pennsylvania. 
Plan, Elevation, and Sections of a Steam-boat 

Lock, as constructed on the Kentucky River, 

Kentucky. 
Plan and Details of a Floating Dry t)ock, now in 

use on the Mississippi River. 
Plan, Elevation, and Sections of a Timber Bridge, 

as constructed by Col. S. H. Long. 

{ 



%- 
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PREPARING FOR PUBLICATION BY JOHN WEALB^ 



Sections and Details of the various Rails used in Ohio Canal. 

the Unitetl States. Plan of a Lock of 30 feet lift, oonstnicted c 
Plan, Elevation, and Sections of a Cut Stone Lehigh Canal, Pennsylvania. 

Aqueduct, constructed on the Chesapeake and 

The Plates will be engraved by Mr. John Le Keijx in his best style, and to be sold in the sepf 

Divisions of A, Architecture, 

B, Mechanical Engineering, 

C, CiWl Engineering. 

To be published on fine Imperial folio paper, in Parts of 20 Plates, faced by a particular Desci 
of the Subject. Price £1. in England, and 5 dollars in the States. 



241. 



THE PUBLIC WORKS OF GREAT BRITAIN, 

VOL. n. 

To be published in Parts of 20 Plates, engraved by Mr. John Le Keux and the best Engravers 
Plate to be faced by a particular Description of the Subject. Price £1. each Part. 

The following are some of the very important subjects chosen from the highly scientific wo 
George Leather, Esq., C.E., of Leeds. 

A Drainage Culvert and a Warping Sluice. 

A set of Lock Gates, both geometrically and 
trically projected. 

Double acting Cloughs and Drawing Geer, 
and Anchors, Pivots and Steps, Forebay De 
and other Iron-work connected with the Loci 

Lock and Bridge Keepers' Houses. 
Dunham Bridge, — Details, Elevations, &c. 
Hunslet Bridge, Leeds. 
Astley Bridge. 
Monk Brid^, Leeds. 
Victoria Bridge, Leeds. 
Gott's Bridge, Leeds. 

Thorp Hall or Waterloo Bridge, near Leeds. 
Stockton and Hartlepool Railway. 

Public Road Bridge under. 

Occupation Bridge under. 

Do. do. (iron). 

Sea Embankment at Stranton. 
Nocton, &c. Drainages. 



Cast Iron Aqueduct over the River Calder at Stanley 

Ferry, near Wakefield. 
Goole Docks and Locks. 
Goole Lock Gates, with the machinery for opening and 

shutting them. 
Goole Bascule or Hoist Bridge. 
Hull Hoist Bridge. 
Aire and Calder Na\'igation. 

Goole Canal. 

River Don Navigation. 

General Plan of Aire and Calder Navigation, from 
Leeds and Wakefield to its junction with the Goole 
Canal at Ferrybridge. 

Do. do. from Ferrybridge to Goole, with 

the Docks at the latter place. 
General Transverse Section of the Canals, with the 

side walls, &c. 
Two examples of Locks, — a Flood Lock and a Fall Lock. 
Two Stone Bridges — one sqiiare, another askew. 
One Swivel Bridge. 



These will form 50 well-occupied Plates. 
The follo\ving, in continuation, of other eminent Engineers, are also in preparation. 



St. Katherine's Docks — Form of Shoes used for Bay Piles 
of CoflFcr-dam. 

Form of Shoes used for Sheeting 




Piles. 

Abutment for Swivel Bridge. 

• Dock Gates. 

Plans of Coffer-dam (2). 

Transverse Section of Coflfer-dam. 

Truss of the Roof over the Long Room, Custom House, 
London. 

Coal Jetty at Coffin's \Vharf, CardiflF. 

Taff Vale Railway Culverts. 

Pug Mill, Screw Jacks, WTieel Barrows, Draw Crabs, 
Tram Plates. 

Weir for Bromley Mill. 

Telford's Timl)er Turn Bridge on the Grand Surrey Canal. 

Tewkesbury Severn Bridge. 

Centering for Balloter Bridge across the River 

Dee, Aberdccnsliire. 

Splendid Drawinjrs of various Cranes. 

Middlewich Brunrh of the Ellcamere and Chester Canal. 

Cross Section of Culvert for conveying the Feeder under the 
Glamorganshire Canal and Merthyr Road, and longitu- 
dinal Section. 



Pile Driving. 

Bute Ship Canal — Travelling Crane. 

Winch, Pinion Wheel, Barrel. 

Tilting Waggons. 

Inner Basin, Masonry constructi 

Communication Locks. 

Hollow Quoin of Entrance Lock. 

Swivel Waggon — Stone Waggon 

Counterforts, Sections. 

Dock Gates, &c. 

Foundry Cranes. 

Plan and Section of the Great Sea Lock and S 

Lowestoft. 
Port- Glasgow Wet Dock Lock Gate. 
Swing Bridge between outer and inner Basins 

Eastern Docks. Custom House, London. 
OutfiJl at the N. W. corner of CardiflF Castle. 
Bridge at northern entrance to Cardiflf Castle. 
Bridge at N. W. corner of CardiflF Castle, across F 

Bute Ship Canal. 
Newj^ort Road Bridge across Feeder of Bute Ship i 
Crane at Harrison's Wharf, London, capable ol 

five tons, cost j6'135. 
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242. 
In 8vo., with Plates, a Second Edition of 

A PRACTICAL TREATISE ON LOCOMOTIVE ENGINES 

UPON RAILWAYS; 

e construction, the mode of acting, and the efffect of Engines in conveying heavy loads ; the means of 
pertaining, on a general inspection of the Machine, the velocity with which it will draw a given load, 
i the results it will produce under various circumstances and in different localities ; the proportions 
lich ought to be adopted in the construction of an Engine, to make it answer any intended purpose ; 
3 quantity of fuel and water required, &c. ; with Practical Tables, showing at once the results of the 
rmulae: foitnded upon a great mant new experiments made on a large scale, in a daily 
ictice on the Liverpool and Manchester, and other Railways, with different Engines and Trains of 
Triages. To which is added, an Appendix, sho^ving the expense of conveying Goods by means of 
»comotives on Railroads. 

By COMTE F. M. G. DE PAMBOUR. 



243. 
A New Edition, with Additions, by G. Renxie, Esq., C.E., F.R.S. 

PRACTICAL ESSAYS ON MILL-WORK AND OTHER 

MACHINERY. 

II the Teeth of Wheels, the Shafts, Gudgeons, and Journals of Machines ; the Couplings and Bearings 
Shafts ; disengaging and re-engaging Machinery in Motion ; equalizing the Motions of Mills ; 
tanging the Velocity of Machines in Motion ; the Framing of Mill-Work, &c. ; with various useful 
ibles. 

By ROBERT BUCHANAN, Engineer. 

msed, ynth. Notes and Additional Articles, containing new Researches on various Mechanical Subjects, 

By THOMAS TREDGOLD, Civil Engineer. 

Illustrated by Plates and numerous Figures. 2 vols. 8vo. 



244. 
4to., Price ^1. 1#. Corrected and enlarged. 

the CARPENTER'S NEW GUIDE. 

nng a complete Book of Lines for Carpentry and Joinery, treating fully on Practical Geometry, 
»ffits, Brick and Plaster Groins, Niches of every description, Skyhghts, Lines for Roofs and Domes ; 
ith a great variety of Designs for Roofs, Trussed Girders, Floors, Domes, Bridges, &c. Copper- 
ttes : including some Observations and Calculations on the Strength of Timber. 

By P. NICHOLSON. 



245. 
Fourth Edition, improved and enlarged. 8vo., Price 12«. boards. 

. PRACTICAL ESSAY ON THE STRENGTH OF CAST IRON 

AND OTHER METALS; 

tended for the Assistance of Engineers, Iron-Masters, Millwrights, Architects, Founders, Smiths, 
d others engaged in the Construction of Machines, Buildings, &c. Containing Practical Rules, 
bles, and Examples, founded on a Series of new Experiments ; with an extensive Table of the 
operties of Materials. Illustrated by Eight Plates and several Wood-cuts. 

By THOMAS TREDGOLD, Civil Engineer. 



i 



PBBrABmO FOB PUBLICATiaN DT JUtlN WBAl^. 

246. 

Four PUtPi, Thini Edition, Prira; 8i. hoaila. 
A TREATISE ON MILLS; 
Circular Molion ; Part Second 



Fant Pant. Part Firrt, 
Macliinea, Enginet, &c. ; Cart TliinI, nn tfae VrJocit; of Effluent Wattr ; I'ai 
Circular Motion, Water-Ulieelii, Ike. 

By JOHN BANKS, I^plurer on Expcriraeiina Philosoiiliy. 



247. 
In Imperial folio, n^wul 2S Plates, engriived Bud litbogrnphcrl in (In: beat style.^ 

MB. HOPPER'S DESIGNS FOB THE NEW HOUSES 0( 
PARLIAMENT. 

niisling ot Plans, Elevations, and Pmspcctive Vicna of the lutcrior. Only a limited ai 
jiriiited. 



248. 



J 
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{Jtaiali qf Archileeljtre and Pabtic iroril.) 

AN ARCHITECT AND ENGINEER'S JOURNAL, 
Edited by CE'SAR DALY, Arcliitecl. 
Geology, Stcreotomy, Machinery. Mansions, Primte Houses, Agricultural Buil 



Each number of thii Journal is amn^d under four distinct heads, Hittory, Theorg, Fradie 

MiacflUnue^. The first comprises every thing reiattng to ArchitectuiBl Antiquities, 4c. ; the i 

consists of Memoirs entirely theoretic, relating to the different branches of Architecture and Elng 

JDg; the third cont^ns practical Essays on the different Elements of the Science of BnQ^ 

Engineering, and dcecriptiong of the prindpal Public Wai4:s and Architectural Undertakings caul 

in the two Continents ; the fourth, under the title of Miscellanies, comprises Reviews of Boola 

necled with the subjects treated in the JWunal, News, Correspondence, Variations in the V«l 

Shares in Public Works, Lists of New Patents, &c. &e. &c. The Joumal thus addresaea ili 

e same time to Archileeln and Evgineert, who will find in it the fruits of the studies and ian 

ins of men very enunent in their ditftrent departments, and will be apprised of all new und 

d discoveries, experiments and pnbUcations, connected with the art of building; to .^fiif^ 

who will find in it the solution of many difficult questions, which required the investigatioii d 

uniting the practiec of Architecture witli the knowledge of history ; and to Proprielart, who 4 

furnished with Models of every description of Urbane and Rural Buildings. A regular corteipM 

has been estHblished with the prindpal Architects and Engineers in Europe and America. 

The Work will be published Monthly, in small folio, double columns, with beautiful W 
expressly for the purpose, on line satin paper, by the first printers in Paris. Each Number will M 
64 columns, with immerous beautifully executed wood-cuts, and from three to four engmlDI 
Uthographs printed in colours. 



Bitumes et de Icurs divers emplois, fl 
Poloiiceau, Ingpret. div. den Ponli el Cha 
— Native sur les Constructions eti BriqiKS 
du Midi de la Runsie, par M. Potier, Uenl, 
du Genie en Suarif. 

Mb'langbs — Bibliographies Compte-IteiiJ 
livre de M. Teisaerenc sur les Travaui v 
en Bet^que et les Chemins de &r en ri 
par M. C. D.— NonvBLLKs :— le Tuimd 
Tomise, por M, Poloncean. — ^Archeolo^ 

■:l: I,ondoD, Wbalb. ^^ 



iNTnoDncTioN, par M. C^sar Daly. 

HiSTOiiiB — ^De ['Architecture Bysantine, par W 

Alb It 1 — MuB& historique d'Arclutec 

tur pur M T u al. 

— Des P ts SuapcnduB, par M. A. ^ 



B ds t 



— N t 



ur un nouvean Systerae de 
et en fer, par M. Camille 
ur James-River, alUchmond, 
M. Michel Chevalier.— Dcs 
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